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5TH. APPLICATION TO CRANK AND AXLE.| Thus in Fig. 29, let EDCB be the 


The above finds special and important centre line of crank and shaft. Lay off 


application in the case of the crank and|@P equal to the force P acting at A, 
choose a pole O and draw Oa, OP and 


axle. 
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the parallels Oa and aE. Join E and 
d, and draw OP, parallel toEd. Then 
P P, is the downward force at E, and 
P.a the upward reaction at D. The or- 
dinates to Eda, to pole distance O P 
-~ the bending moment for the shaft. 

ake a F equal to the lever arm R, then 
FG is the moment PR, and we unite 
this as above with the bending moments, 
and thus find the curves c’ d’ e’ the ordi- 
nates to which give the combined mo- 
Ey at every point of the shaft. [See 
4th. 

For the arm BC make the angle a, 
BC equal to Dad, and then the hori- 
zontal ordinates to a,B give the bend- 
ing moments for the arm. Make Ce, 
equal to Cc, and we have the torsion 
rectangle C c, 6, B, and, as in the previous 
case, we unite the two and thus find the 
curve b, 4 F, the horizontal ordinates to 
which from BC give the required com- 
bined moments to pole distance O P. 
Thus h’h,=$ Hh,, Hi=g Bd, and H 
h=h, h'+h' i=§ M,+8,/Mi + Mi. 

The application of the method, when 
the crank is not at right angles to the 
shaft, as also when the crank is double, 
and generally in the most complicated 
cases, is equally simple and satisfactory. 
Our space forbids any more extended 
notice of these applications, and we must 
refer the reader to Der-Constructeur, by 
F. Reuleaux, Braunschweig, 1872, for 
further illustrations and applications of 
the method to the solution of various 
practical mechanical problems. 


42. CONTINUOUS LOADING—LOAD AREA. 


Thus far we have considered only con- 
centrated loads. But whatever may be 
the law of load distribution, if this law 
is known, we can represent it graphically 
by laying off ordinates at every point 
equal by scale to the load at that point. 

e thus obtain an area bounded by a 
broken line, or for continuous loading, 
by a curve, the ordinates to which give 
the load at any point. This load area 
we can divide into portions so small that 
the entire area may be considered as 
composed of the small trapezoids thus 
formed. If, for instance, we divide the 
load area into a number of trapezoids of 
equal width, as one foot one yard, &c., 
as the case may be, then the load upon 
each foot or yard, will be given by the 








area of each of these trapezoids. If the 
trapezoids are sufficiently numerous we 
may consider each as a rectangle whose 
base is one foot or one yard, &c., as the 
case may be, and height is the mean or 
centre height. The weight, therefore, for 
each trapezoid acts along its centre line. 
We thus obtain a system of parallel 
forces, each force being proportional to 
the area of its corresponding trapezoid, 
and equal by scale to the mean height 
or some convenient aliquot part of this 
height. 

Ye can then form the force polygon, 
then choose a pole, draw lines from the 
pole to the forces, and then parallels to 
these lines, thus forming the string or 
equilibrium polygon, and so obtain the 
graphical representation of the moments 
at every point. 


Since, however, the polygon in this 


case, approximates to a curve, that is, is 
composed of a great number of short 
lines, the above method is subject to 
considerable inaccuracy, as errors mul- 
tiply in going along the polygon. 

This difficulty can, however, be easily 
overcome. Thus we may divide the 
load area into two portions only, and 
then draw the force and equilibrium 
polygon, considering each portion to act 
at its centre of gravity, and so obtain an 
equilibrium polygon composed of three 
lines only. These lines will be tangents 
to the equilibrium curve. We thus have 
three points of the curve, and its direc- 
tion at these points. In this manner we 
may determine as many points as may be 
necessary, without having the sides of 
the polygon so short or so numerous as 
to give rise to inaccuracy. 


43. The above will appear more plain- 
ly by consideration of a 


BEAM UNIFORMLY LOADED. 


The curve of load distribution is in 
this case a straight line. The load area 
is a rectangle, and hence the load per 
unit of length is constant. Let us now 
divide this load area (Fig. 30) into four 
equal parts, and considering each por- 
tion as acting at its centre of gravity, 
assume a scale of force, and draw the 
force polygon. Since in this case, the 
reactions at the supports must be equal, 
we take the pole C, in a perpendicular to 
the force polygon at the middle point. 





— | 


Se & 2 _f a a 


— a 7 


— 


THE NEW METHOD OF GRAPHICAL STATICS. 



































de 


This causes the closing line of the|p being the load per unit of length, J the 


equilibrium polygon to be parallel to the | 
beam itself, which is often convenient. | 
We now draw Co Cl, &c., and then form | 
the polygon oacegh. The lines oa, | 
ac, ce, &e., of this polygon are tangent 
to the moment curve, at the points bd f, 
oand h, where the lines of division pro- 
longed meet the sides. e curve can | 
now be easily constructed as will appear | 
from the next article. | 


44, MOMENT CURVE A PARABOLA. 


Suppose we had divided the load area 
into only ¢wo parts, of the length @ and | 
Le (Fig. 30). Then the moment poly-| 
gon would be o ak A, and the horizontal 

rojection of the tangent ak would be 
fe+4 (Lx) =. | 

That is the horizontal projection of | 
any tangent to the moment curve is con- 
stant. But this is a property of the 
parabola. The moment curve for a uni- 
form load is therefore a parabola, symmet- 
rical with respect to the vertical through 
the centre of the beam. 

If then we divide oC and CA into 
equal parts, and join corresponding di- 
visions above and below, we can con- 
struct any number of tangents in any 
position. 

[Note.—We may prove analytically 
that the moment curve is a parabola, and 
hence that the line ak is a tangent. 
Thus the moment at any point is 





H y=} plz—} p2’ 


length, and the reaction at support there- 


d. 
fore _ Hence y=F5 (Zz—z’) for 


origin 9. 


When the origin is at d, representing 
horizontal distances by y’ and vertical 


4 
pe 


8H 


by z’, we have z= rm and y=h 

hk being the ordinate at middle= 

hence by substitution 
—w= 2 (6 iy 
h—a =A ly 


or reducing 


—+ly— 
at °y—, 


/) 


j= — 2 
Y Pp 
which is the equation of a parabola hav- 
ing its vertex at d.] 


We may of course take the pole any- 
where, and hence H may have any value. 
It is in general advantageous in such 


cases (#.e. for uniform load) to take 
H a. We have then 


y’=lz 


and for y=; or for the middle ordinates 


h ps 
we have 4 


To draw the moment curve we have 
then simply to lay off the middle ordi- 
nate equal to #th the span. The curve 
can then be constructed in the customary 
way for a parabola. Any ordinate to 
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this curve multiplied by H=2! will then 


give the moment at that point. 

Enough has probably now been said 
to illustrate the application of our 
method to the determination of the mo- 
ment of rotation, bending moment or 
moment of rupture. The reader will 
have no difficulty in applying the above 
principles to any practical case that may 
occur. 

It will be observed that the customary 
curve of moments in the graphic meth- 
ods at present in use, comes out as a 
particular case of the equilibrium poly- 

on. 

o "This polygon has other interesting 
properties which we shall be unable to 
touch here. For instance, just as its 
ordinates [Fig. 30] are proportional to 
the bending moments or moment of rota- 
tion, so also its area is proportional to 
the moments of the moments or the 
moment of inertia of the load area. 

As to the shearing force at any point 
of a beam submitted to the action of 
parallel forces, the reactions at the ends 
being easily found as above by a line 
parallel to the closing line in the force 
polygon, we have only to remember that 
the shear at any point is equal to the re- 
action at one end minus all the weights 
between that end and the point in ques- 
tion. 

Thus for a uniformly distributed load 
we have simply to lay off the reactions 
equal to one-half the load above and be- 
low the ends and draw a straight line, 
which thus passes through the centre of 
the’span. The ordinates to this line are 
evidently then the shearing forces. If 
we have a series of concentrated loads 
we have a broken line similar to A’, 1’ 
1" 2’, &c., Fig. 32, where each successive 
weight as we arrive at it is subtracted 
from the preceding shear. 


44, BEAM CONTINUOUSLY LOADED, AND 
ALSO SUBJECTED TO THE ACTION OF 
CONCENTRATED LOADS, 


In practice we have to consider not 
only a continuously distributed load, 
ps | as the weight of the truss or beam 
itself, but also concentrated forces, such 
as the weight of cars, locomotives, &c., 
standing upon or passing over the truss, 





In Fig. 31, we have a continuous 
loading represented by the load area 
AacbdB, and in addition four forces 
P’ .,. Nowsince the total moment about 
any point is equal to the sum of the 
several moments, we can treat each 
method of loading separately, and then 
combine the resuits. Thus with the 
force polygon (6), we obtain the equili- 
brium polygon A’123.... B’ for 
the continuous loading, and with the 
force polygon (a) the equilibrium poly- 
gon A’ 1” 2" 3" B’ for the con- 
centrated loads. If now in (5) we draw 
CL parallel to the closing line A’ B’, 
and in (a) C’ L’ parallel to the closing 
line A’ B’, we obtain at once the reac- 
tions at the supports for each case. 

Thus for continuous loading, we have 
Lo for reaction at A, and 10 L for reac- 
tion at B; for the concentrated loads 
L’o’ at Aand 4’L’ at B. These reac- 
tions hold the beam in equilibrium. 

For any cross section y, the shear to 
the right is composed of the two com- 
ponents L7 and 4’ 3’ (i.e. equal to the 
reactions, minus the forces between 
cross-section and support). The moment 
of L7 is given by the ordinate o y to 
the corresponding polygon, and we may 
consider L7 as acting at the point of 
intersection a of the side 78 with A’ B’ 
(Art. 38). In the same way L’ 3’ acts at 
6b. We may unite both these reactions 
and find the point of application of their 
resultant c, by laying off in force poly- 
gon (b), 74 equal to L’ 3’, and then con- 
structing the corresponding equilibrium 
polygon eadec. The resultant R passes 
through c. This construction remains 
the same evidently, even when the points 
a and 6 fall at different ends of the 
beam, as may indeed happen. The com- 
ponents will then have opposite direc- 
tions, and must be subtracted in order to 
obtain the resultant. 

The total moment of rotation at y is 
roportional to the sum of mn and oy. 
he greatest strain is where the sum is a 

maximum. In order to perform this 
summation and ascertain this point of 
maximum moment it is advantageous to 
construct another polygon instead of 
A’ 1"2", &c., whose closing line shall 
coincide with A’ B’. This is easy to do, 
by drawing in force polygon (a) L’C’ 
parallel to A’ B’, and taking a new pole 
C’ the same distance out as before, that 
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is keeping H constant, and then con- 
structing the corresponding polygon A’ 
12’ 3’, &e. 

Thus the ordinate py gives the total 
moment at y. We can make use here of 
the principle that the corresponding sides 
of the two polygons must intersect upon 
the vertical through A’ (Art. 26). We 


have thus the total moment at any point 
and can easily determine the points of 
maximum moment or cross-section of 
This point must necessarily lie 


rupture. 








between the points of maximum mo- 
ments for the two cases, or coincide with 
one of them. In the figure this point 
coincides with the point of application 
of P’,. 


45. CASE OF UNIFORM LOAD. 


If the continuous load is uniformly 
distributed, we can obtain the above re- 
sult without being obliged to draw the 
curve. As in this case, we have a very 
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short construction for the determination 
of the point of greatest moment, it may 
be well here briefly to notice it. 

If we erect ordinates along the length 
of the beam as an axis of abscissas, equal 
to the sum of the forces acting beyond 
any cross section, the line joiming the 
end points of these ordinates has a great- 
er or less inclination to the axis, accord- 


ing as the uniform load is greater or 


smaller. At the points of application of 
the concentrated loads, this line is evi- 
dently shifted. Since at the point of 
maximum strain the sum of the forces, 
either side is zero, this point is given by 
the intersection of the broken line thus 
found with the axis. 

Thus, in Fig. 32, let A B be the beam 
sustaining a uniform load, and also the 
concentrated loads P,P, P,P, The 
reaction of the uniform load at the sup- 
ports is equal to half that load. to 
find the reactions for the concentrated 
loads we draw the force polygon 01234, 
choose a pole C, then construct the equi- 
librium polygon A’ 1234 By, and paral- 
lel to A’ B’, draw CL; LO and L 4, are 
the reactions at A and B. Now through 
L draw A, L horizontal, make it equal to 
the length of the beam, and take it as 
axis of abscissas. [It is of course ad- 
vantageous here, to lay off the forces 
along the vertical through B—then A, 
falls in the vertical through A and 
1, 2, 3,4, are under the forces them- 
selves. | 

The ordinate to be laid off at A, is 
equal to L0O+half the uniform load. 





Between A, and 1, the line A’, 1’ is in-| 





clined to the axis at an angle depending 
upon the uniform load. Lay off LU 
equal to this load, and draw A, U, A’, 1’ 
must be parallel to this line.. At 1’, the 
line A’, 1’ is shifted to 1’, so that 11° is 
the load P,. Then 1” 2’ is parallel as 
before to A, U and 2’ 2” is the load P,, 
and soon. The intersection 2, with A, L 
gives the point of maximum moment or 
cross section of rupture. The force P, 
at this point in our figure is divided, as 
shown by L in the force polygon into 
two portions, one of which is to be added 
to the forces left, the other to the forces 
right. The ordinate y, y’ at any point, 
gives the shear or sum of the forces act- 
ing at that point. This force acts up or 
down according as the ordinate is above 
or below the axis. 

Moreover, the area between the broken 
line and axis A, L, limited by this ordi- 
nate, gives the moment of rotation of the 
forces beyond the section y, areas below 
the axis being negative. For a section 
at Z we have therefore A, A’, 1’ 1" 2’ 2° 
minus 2,2"3'3"Z'Z,, or what is the 
same thing, the area Z’ Z’ 4’ 4"B’  L, since 
the sum of the moments of all the forces 
is zero. 


46, INFLUENCE OF A CONCENTRATED LOAD, 
PASSING OVER THE BEAM. 

If in addition to the already existing 
uniform and concentrated loads, a new 
force operates, we have by (44) simply 
to construct for this new force its force 
and equilibrium polygon, and unite the 
forces and moments thus found with 
those already existing. 
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In Fig. 32, we have assumed a new | and drawing a parallel C’ L’ to A’ B” we 
force P’, near the left support. The | obtain the reactions 0’ L’ and L’ 1’, which 
force polygon is 0’ 1’ C’, the pole distance | must be added to the reactions already 
being taken the same as before. For| obtained. 

any one position of this force, we have| If now we take a section y between P’, 
then the equilibrium polygon A’ 1’ B’,/and the point of maximum of moment 
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2, before found, the sum of the forces|an upward force, we have the down- 
either side of this section undergoes the | ward force L’ 1’ (equal to algebraic sum 
following changes. Upon the side where | L’0’+0’ 1’). The sum of the forces at 
P’, lies, and the point 2, does not lie, | the section, or the shearing force is there- 
where therefore the sum was originally ' fore diminished. 
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The total rotation moment is, however, | continues to recede, it returns, and finally 
increased by the amount indicated by | reaches its original position as the load 
mn. Both changes, that of the sum of | arrives at the further end. 
the forces and the moment of rotation| It is evidently of interest to learn the 
increase as P’, approaches y, and are,| position of these two points, where the 
therefore, greatest when P’, reaches y. | load meets and leaves the point of great- 

If P’, passes y, this point is in the|est moment or cross section of rupture, 
same condition as Z with reference to/and this, in Fig. 32, we can easily do. — 
the former position of P’,; that is the) When P’, arrives at 1’, we have evi- 
force and point 2, are now both on the | dently the reactions by laying off LE 
same side of the section. For Z then,| equal to P’,, drawing A, E and through 
the original downward force to the left| its intersection with the vertical through 
is increased by the force L’1’. To the} the weight drawing the horizontal A’ B’,, 
right the upward force is increased by | L B’, is then the increase of reaction at 
1’ L’. In like manner the moment of the|B due to P’,. The entire reaction is 
forces beyond Z is increased by the B’, B’,, and the broken line A’, 1’ 1’, &c., 
amount indicated by op. This change/holds good still if we merely change 
is greatest when P’, reaches Z. |the axis from A, Lto A’, B’,. The point 

Therefore when a load passes over the| of greatest moment, which is still the 
beam the sum of the shearing forces is| intersection of the broken line with the 
diminished in all sections between it and| new axis in the present case is not 
the original point of greatest moment,| changed by reason of the overpowering 





and increased in sections beyond this) 
point, while the moment of rotation, or | 
bending moment, for all cross sections is | 
increased. These changes, moreover, in- | 
crease for any section as the load ap-| 
proaches that section. The shear at any | 
point is therefore least, and the moment | 


greatest, when the load reaches that} 


point. As soon, however, as the load 
passes this point, the shear passes sud- 
denly from its smallest to its greatest 
opposite value, and then diminishes as 
the load recedes, together with the mo- 
ment of rotation. On the other side of 
the point 2, of original greatest moment, 
the shear and moment increase as the 
load approaches, and become greatest 
for any point when the load reaches that 
point. At the moment of passing, these 
greatest values pass to their smallest 
values, and increase afterwards as the 
load recedes. 

Since, by the introduction of the load, 
the shear for points upon one side of 2, 
is diminished (between 2, and the load), 
and on the other side increased, and the 
greatest moment is at the point where 
the shear is zero, it follows that the point 
of greatest moment moves in general 
towards the load. At a certain point 
then, both meet. As the load then ad- 
vances this point accompanies it ; passes 
with it the original position, and follows 
it up to the point where it would have 
met the same load coming on from the | 
other side. From this point, as the load | 


| 





influence of P,. It does not move to 
meet the load, but awaits it until it 
reaches P,, and until therefore the new 
axis takes the position of A,” B,”. 

If, however, the force P’, comes on 
from the right, we have the reactions for 
any position as Z, by laying off A, E 
equal to P’,, drawing LE, and then the 
horizontal A,’’’ B,’"’ through the inter- 
section of LE’ with the vertical through 
Z. Then A, A,’” is the reaction at A due 
to this position of the load. The inter- 
section z’, corresponding to z, shows the 
point to which the point of greatest mo- 
ment 2, moves to meet the load. As the 
load passes towards the left this point 
moves towards the right, and both come 
together evidently at the point V,, cor- 
responding to the new axis A," B,”. The 
point of greatest moments passes them 
from 2, to V,, and beyond these two 
limits it can never pass. 

Our construction then, is simply to lay 
off the load in opposite directious per- 
pendicularly from each end of the axis 
A, L, and join the end points A, E and 
LE’. The intersections of these lines 
with the diagram of shear, give the 
points 2, and V, required. 

47. The above comprises all the gen- 
eral principles of the subject, that under 
the limitations as to illustration and 
space necessary in a series of magazine 
articles like the present, are capable of 
presentation. To adequately present the 
subject under such limitations is, indeed, 
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impossible. The entire subject of the 
continuous girder, as also of the moment 
of inertia, and the application of the 
method to braced and stone arches, &c., 
&c., we are obliged to pass over mere- 
ly with this mention of the fact that, 
by the aid of the graphical method, we 
have a practical and easy method of 
solution which brings fairly within the 
reach of the practical engineer and 
builder these and many other important 
structures, the investigation of which 
has hitherto demanded the application 
of the higher analysis, and given rise to 
methods which can be understood and 
used only by well versed mathemati- 
cians. 

The purpose of these articles is avow- 
edly merely to call attention to the meth- 
od. To give even a general outline of 
the subject, so as to convey an accurate 
idea of its methods and advantages was 
found impossible. We have preferred, 
therefore to lay down some of the most 
important principles of the subject, 
leaving it to the intelligence of the 
reader to make the various applications, 





rather than to give those more practical 
constructions which, for want of such 
preparatory development of the prin- 
ciples involved, would have been unin- 
telligible. 

This must serve to excuse the appar- 
ently unpractical character of these last 
two arts. Upon the basis thus provided 
we can now give many very easy solu- 
tions of important practical problems. 
Such illustrations, should time and op- 
portunity permit, we may hereafter 
give. 

That a subject which has been so 
thoroughly systematized, and is of such 
practical value, should have been so 
completely ignored by American and 
English authors is a matter of regret. 
We can only refer the reader to the 
works of Culmann, Bauschinger and 
Winkler, as the best German treatises, 
and to a work of our own upon the sub- 
ject, which will shortly appear, in which 
we have endeavored to treat the subject 
in as elementary a form as_ possible, 
noticing fully all the most important 
practical applications. 





TOPOGRAPHICAL SURVEYING AND KEEPING SURVEY 
NOTES.* 


By RICHARD P. ROTHWELL, C.E., M.E. 


TuE communication which I have to 
lay before my fellow-members of the 
Institute, is no elaborate paper, nor the 
statement of any great discovery; it is 
simply the record of convenient methods 
of conducting topographical surveys, and 
of keeping the notes of the same ; meth- 
ods that have grown out of practical 
experience, and have saved me many a 
day’s labor by facilitating office and field 
work, and at the same time secure a 
greater degree of accuracy than is ob- 
tained by the methods now in general 
use. 

I assume it as granted that no topo- 
graphical map is worthy of the name, 
except it represent the elevations and 
depressions of the service by means of 
horizontal or contour lines. 

In the Ordinance Survey of Great 





* A paper read before the American Institute of Mining 
Engineers at Hazleton, October, 1874, 





Britain, the contour lines are traced for 
every fifty feet vertical height, I believe, 
by running out the line with level and 
compass through all its meanderings on 
the surface; this, of course, is a very 
tedious, though accurate, process, but 
‘in the woods,” where many of our 
surveys have to be made, it would be 
practically impossible. 

Some time ago, I made an extensive 
and quite elaborate topographical survey 
and contour map of the southern portion 
of the Cahaba coal field, in Alabama, 
the object of the survey being to de- 
termine the best route for a railroad to 
enter the coal field, and open that por- 
tion of it where the quality of the coal 
and the size of the beds made it desirable 
to open mines. The country is greatly 
broken by ridges and valleys running in 
every direction, so that it is exceedingly 
difficult to select the best line in all 
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respects, for, while it is easy enough to 
find the best place to cross any one 
ridge, it is by no means easy to find the 
line that, though perhaps not the best in 
crossing any one obstruction, will yet 
give the best mean results. This could 
only be done by having a complete con- 
tour map of the district, such a map 
being also essential to the intelligent 
selection of the best point at which to 
open mines. 

As many of the engineers present 
know, the financial limits set to such 
work are, in this country, and especially 
in the south, very restricted. We have 
to combine speed and economy with 
accuracy in such work. 

The State of Alabama has its lands 
divided up into Townships, Ranges, and 
Sections, by lines running north and 
south and east and west. I made these 
section lines, one mile apart, the main 
lines of my survey, and ran them in 
some cases with the Transit, reading 
both deflections and needle back and fore 
sights, and in other cases simply with 
the surveyor’s compass. In the total 
absence of any magnetic attraction I 
prefer the compass. My distances were 
most carefully measured, with either a 
brazed link steel chain or with a steel 
tape, and a stake was driven every hun- 
dred feet. These stakes were at least 
eighteen inches high (so as to be easily 
found in the brushwood), and were 
marked as in railroad work, the distance 
on one side, and at all desirable points 
with the elevation above tidewater on 
the otherside. Thus X. 87+50 marked 
on the front of the stake, and 735.62 on 
the opposite side being X line station, 
8,750 feet from the starting point, and 
the elevation of the surface at this point 
is 735.62 feet above the sea. The level- 
ing is done carefully, and checked by 
cross lines. These section lines are ap- 
proximately North and South and East 
and West, though not quite straight nor 
uniform in their variation, owing to 
errors in the original survey. 

The survey is tabled by latitudes and 
departures, and can thus be plotted on 
ordinary cross-section paper, without the 
use of protractors. The lines on the 
paper being taken as magnetic meridians 
and east and west lines. 

The notes of section lines are kept in 
the manner prescribed by law. The 


level man as he runs over them, if 
thought desirable, sketches in the con- 
tour of the surface for a few hundred 


| feet on each side of his line; this, how- 


lever, is not necessary, as the work is 
| done in a subsequent operation. 

We now assume some convenient 
‘corner as a zero, or starting point, plot 
in the section lines on the cross section 
paper, by latitudes and departures, tak- 
ing the lines on the paper as magnetic 
meridians and east and west lines. 
Those passing through the starting point 
are the zero meridian and zero east and 
west line. If we make our map, and the 
note books, on the scale of 500 feet to 
the inch (a very convenient scale in ex- 
tensive surveys), every tenth line (heavy 
lines), on the paper will be marked as 
we recede from the zero lines, thus: 
5 E., 10 E., 15 E.; 5 W., 10 W., 15 W., 
etc.; 58.’ 1058., ete.; so that any point 
in the district may be designated by 
a name which indicates, without a 
moment’s consideration, exactly where 
it comes on the map; thus, 65 E., 15 N. 
is a point 6,500 feet to the east and 
1,500 feet to the north of the zero point 
of the survey. 

To get the topography, I run lines 
500 feet apart, either North and South 
or East and West, but not in both direc- 
tions over the same ground. These lines 
commence at some station on the section 
lines, and are run due North and South 
or East and West on the 500 feet lines. 
They are run with the pocket compass 
and steel tape or chain, and with the 
Locke pocket level. These lines close 
on the section lines, and a check is thus 
given to the work at intervals of one 
mile; as the section lines are staked 
every 100 feet, and the elevation marked 
on the stakes, the check is perfect and 
immediately applied, for when com- 
mencing the line the man in charge 
knows exactly when he should intersect 
the next section line. If he does not 
strike this point, he can at once verify 
his work. 

With careful work, the variation in 
direction of the line run a mile with the 
pocket compass will never exceed 10 
feet, and will generally be within 5 feet, 
either of which is as close as we can plat 
on the scale used. The levels run over 
these compass lines with the pocket or 
Locke level will seldom vary 5 feet in 
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running a mile over rough ground, errors 
balancing; and as they check up on 
the section lines every mile, this error 
can be reduced to say 24 feet midway 
between the section lines. 

The notes of the survey are kept in a 
note-book made of X section paper ruled 
the same on both sides. 

We write from bottom up. Thus we 
will write at foot of page: 


“ Running line 17 N.”—We see at 
once the line being run is an east and 
west line, at 1,700 feet north of the 
Zero E. and W. line; we commence at 
say, “35 E.” on this line—that is, at a 
point 3,500 feet east and 1,700 feet 
north of the Zero or initial station of the 
survey. We know, without looking to 
another line, exactly where our starting 
point is on the map, and can, without a 
moment’s hesitation, point it out. 

After running 500 feet, we find the 
station is 40 #, so that the line is being 
run east ; the topography is sketched on 
as the work proceeds, the field-book in 
scale and fullness being a finished map, 
the final map being merely the transfer 
on to a single sheet, in a better style, of 
the several pages of the note-book. 

The surveying party consists usually 
of but five persons, three of whom may 
be green boys. 


Ist. Axe-man, who is also flagman. 

2d. Compass-man. 

3d. Front chain-man. 

4th. Level-man, who is also rear chain- 
man. 

5th. Rod-man. 


If the timber is thick, it may require a 
second axe-man to be able to clear the 
line as fast as the level-man can get his 
notes and sketch in the topography. 

The advantage of this manner of con- 
ducting a survey are speed, economy, 
and accuracy, for no error can extend 
beyond a mile, and the notes are all 





made and map finished on the ground 
with every feature before the eyes of the 
draftsman, so that if his work be not 
correct, he knows it at once before leav- 
ing the field, and can seek and find the 
error with but little loss of time. 

At night, and during wet days, the 
work is all “posted up” on sheets of 
cross-section paper, so that the entire 
map is complete before leaving the camp, 
and, in fact, each day’s work is complete 
in itself; and if the survey be suddenly 
interrupted, as was that to which I re- 
ferred above, none of it is lost, but it 
can at any future time be taken up just 
where it was left off without any diffi- 
culty. The notes do not need the 
presence of the man who made them to 
interpret them, as is not unfrequently 
the case. and tell where his line comes 
on the map; for each page tells itself 
exactly where it belongs, and as it is 
itself the complete original of the map 
containing every contour and feature of 
the surface, as sketched and figured on 
the spot, it leaves nothing to the artist’s 
imagination. 

The rate at which a party, such as 
above enumerated, will run out and level 
these secondary lines depends on the 
nature of the country. In _ broken 
ground, where the brushwood is not too 
thick, from 7,000 to 15,000 feet of line 
per day can be run, putting in contour 
lines every 10 feet vertical, and sketch- 
ing for about 300 feet on each side of 
the line. If the lines are run 500 feet 
apart, this allows an overlap of 50 feet, 
which serves as a check in bringing the 
work together on the sheets. The thou- 
sand little practical details that facilitate 
the work, and which suggest themselves 
naturally to the engineer in the field, are 
not here mentioned; it is sufficient to 
call attention to the general outline of 
the method, and to say that its practicai 
usefulness has been fully proved, for it 
has been the outgrowth of an extensive 
experience. 
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THE CIRCULAR IRON-CLADS OF RUSSIA. 


By ApmrraL POPOFF, Imperial Russian Navy. 


From “ Naval Science.” 


I sHatt begin with a short historical | indebted for its safety to circumstances 
sketch of the circumstances which in-|that were entirely out of its con- 
duced the Admiralty to decide upon the | trol. Indeed we had a Baltic fleet, but 
construction of circular vessels. At the} we could make no use of it in our last 
time of the creation of the Russian fleet | war. We did not bring that fleet against 
we had in view the unavoidable struggle | the enemy, but made an energetic and 
with our neighbors for the purpose of | powerful use of the materials we had at 
obtaining for ourselves a free use of the | our disposal in the Baltic Sea. We then 
sea. These neighbors were the Swedes) built seventy-five screw vessels and four- 
and the Turks, and our aim at that time|teen armored rafts, providing them 
was the possession of an offensive fleet. | with artillery for that time very power- 
The question of having a defensive one | ful, and commenced the construction of 


had then no serious importance, as, in 
the first place, our coasts, in their limited 
extent, could have been easily defended 
by the fleet we had, not to mention the 
trusty ally we had in the very situation 
of our seas. Such straits as the Bos- 


phorous, Dardanelles, Sound, and Belt, 
presented to the sailing vessels of the 
time very serious obstacles in the diffi- 
culties of the navigation and in the 
strength of the currents. 


Secondly, 
international relations had not at that 
time been so highly developed as they 
now are, and therefgre we had no fear of 
being engaged in a war with a coalition 
of other States. Times and circum- 
stances are now quite changed. We are 
no longer under the necessity of waging 
an offensive war, while we must be 
always prepared for a defensive one. 
Our natural allies for defence — the 
Dardanelles, Bosphorous, Sound, and 
Belt—have lost their importance through 
the introduction of steam, and the de- 
velopment of international relations 
warns us that instead of one we should 
be ready to meet many enemies. Expe- 
rience had already taught us this lesson 
in 1853. Our fault, during that war, 
consisted in steadily continuing to ad- 
here to the former system, and in keep- 
ing in the Black Sea as well as in the 
Baltic offensive fleets exclusively. But 
these fleets proved to be very indifferent 
weapons in our struggle with the allies. 
Notwithstanding the high degree of 
technical perfection which the fleets had 
attained, and the heroic spirit of our 
seamen, one of the two fleets was de- 
troyed by ourselves, and the other was 


| Other screw vessels as well. Seventy- 
| five screw vessels were more than even 
| England could at that time despatch to 
|the Baltic Sea, and there is no doubt 
|that it was owing to this activity of 
|ours alone that the allies could under- 
take nothing decisive against us in the 
Baltic. Here, in the Black Sea, we had 
no such material means, and the result of 
it is well known to you. Our Black Sea 
fleet was destroyed by ourselves, 
although it was perfect of its kind; the 
enemy took possession of the Sea of 
Azow, entered the estuary of the 
Dnieper, and his success would have 
been, no doubt, still more important if 
peace had not delivered us from still 
heavier trials. ; 

When the question arose—What shall 
we do in the future ?—how can we avoid 
previous faults ? then it was adopted as 
the basis of all other deliberations that it 
was absolutely necessary for us to create 
a defensive fleet so powerful that it can 
resist any coalition. But the question 
was solved not in this sense only; it was 
not forgotten what a powerful means of 
defence is provided by ocean cruisers, 
|especially in case of war with a nation 

ossessing a large commercial fleet. 
ho does not recollect the results of such 
activity on the part of the Confederate 
cruiser “ Alabama” during the late Amer- 
ican war? The commerce of the United 
States was reduced through the activity 
of this cruiser to a desperate condition; 
North American traders were obliged to 
sell off their vessels, as the insurance 
remium became so high that it was 
impossible to find cargo for them. True 
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| 
it is that, afterwards, by the decision of it must never be forgotten that such 
the International Arbitration Court at| fleet depends entirely on the finan- 
Geneva, England had to compensate the|cial means which the country has at 
United States for the vessels captured | its disposal. And as an offensive fleet, 
by the “ Alabama;” but this does not in | circumstanced as we are, is less necessary 
the least affect the proposition that in a|!than the others, its development may 
maritime war it is a matter of great|also, without any prejudice to the sub- 


importance to have cruisers. The dam- 
ages and losses that may be sustained 
by commerce through the presence on 
the ocean of a hostile cruiser are so 
great and of such a kind that it is impos- 
sible fully to compensate for them. How | 
can we calculate the losses that might | 
be caused, for instance, by a general) 
rise, in such cases, of the prices of| 
freight ? The capture of a mail-steamer | 
may shake a whole trade. As to the_ 
offensive fleet, of course it would be) 
very desirable ts possess it, as in some) 
cases it might be very useful to us, and| 
especially if we had to wage war with 
allied States. But such a fleet is most 


expensive, and depends entirely on the 
means which the Government can spare 
for it. 

These premises lead to the following 
conclusions:—Our first and paramount 
duty is to protect those points of our 
coast which are of national value. There- 





fore the most necessary for us is a defen- 
sive fleet. In the Baltic, as well as in 
the Black Sea, it must be of such effi-| 
ciency as to be capable of holding out 
against a united fleet, not only of all the | 
European, but it may be also of more! 
distant States. For, being separated | 
from one another by the continent of | 
Europe, both the Baltic and the Black | 
Seas communicate with the seas sur- 
rounding Europe, which circumstance, | 
with the present means of intercourse, | 
and with the aid of steam, enables our | 
enemies very rapidly to concentrate all | 
their forces on the one or the other of | 
our seas. 

In the interest of the country, in order | 
that during the war we might emerge | 
from a merely passive condition, and 
make the war burdensome to each of the 
hostile States, it might be useful to have 
cruisers, the mere existence of which in 
the open seas would be enough to pro- 
duce panics, raise freights, and cause the | 
enemy innumerable losses that cannot 
be foreseen. 

In the last place, of course it is desir- 
able to possess an offensive fleet; but 





stantial interests of the State, be left to 
the future when our budget shall be able 
to bear the burden of such heavy ex- 
penses. The supply of this want cannot 
be commenced before the first more 
important and pressing need has been 
provided against—that is to say, first of 
all we must make efficient provision for 
the protection of our coasts. In decid- 
ing State questions of the utmost im- 
portance we ought not to be governed 
by sentiment. And if our wishes only 
were consulted no one probably would 
refuse to entertain the thought of pos- 
sessing an offensive fleet. But, as I have 
already observed, in this we cannot fol- 
low the inclinations of our feelings, but 
must be guided by the suggestions of 
calm reason. 

Wars are waged, not for the purpose 
of burning a village, pillaging a town, 
and generally attacking some point of a 
coast: such depredation is always sure 
to receive in its own time a deserved 
punishment. No, war has in view the 
causing to the enemy more substantial 


‘damage than that; and therefore in 


creating defensive fleets there is no 
necessity, and, indeed, it would be quite 
impossible, to make the defence on such 
an extensive scale as perfectly to protect 
each particular point of the coast. Thus 


‘it is that the whole question lies, not in 


making a complete defence of all the 
points of the coast, but in trying to par- 
alyze the efforts of the enemy on such 
points only as are of serious importance 
from a strategical and economical point 


|of view. Such a point in the Baltic is, 


of course, St. Petersburg, and here in 
the Black Sea, the Straits of Kertch that 


| serve as an entrance to the Sea of Azow, 


and the estuary of the Dnieper. 

It is from this point of view that the 
Ministry of Marine have devoted their 
main efforts to the construction of a de- 
fensive fleet, which, as a matter of 
course, must be adapted to the condi- 
tions of the locality for the protection 
of which it is constructed. When the 
end proposed is thus specialized it is 
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obtained much more easily and fully, 
and with less expense. 

I have already mentioned that in try- 
ing to protect the Black Sea coasts it is 
necessary to make a most careful and 
efficient protection of only two points— 
the Straits of Kertch (the key to the Sea 


of Azow), and the estuary of the Dnieper. | 





thickness of armor and weight of artil- 
lery. But the tonnage is, as you know, 
the weight of the whole ship. It repre- 
sents the sum of the weights of metal 
necessary for the construction, for the 
armor, for the artillery, and for engines. 
Manufactured metal has, in a given 
locality, a certain price,so many roubles 


These points are protected by fortresses, | per pood. Therefore an iron-clad that 
but fortresses may be taken. Besides, inj has a minimum of weight, while all 
the Kertch Straits, where we have the | other conditions are the same, would be 


strongest fortress, there is the sandbank | the cheapest. 


If the circular iron-clad 


well known to you all, on which an ene-| built at Nicholaieff has cost more than 
my could easily commence his works, and | other ships of ordinary size, but equal 
remain in almost perfect safety from the | to her in power, and constructed in Eng- 
fire of the fortress. Thus circumstanced | land, this fact does not at all affect the 
we must strengthen our fortresses with | proposition that circular iron-clads are 
plated vessels of small draught, which, | cheaper than the others. This proves only 
by their mobility and possession of a} that at Nicholaieff the pood of worked 


very powerful artillery, would prove a 


means of real protection for a given| 


locality. 


The depth of the estuary is) 


154 feet, that of the Kertch Straits 14 | 


Black Sea fleet the draught should be 
less than 14 feet. 
the draught so much and combine the 


How can we reduce | 


metal costs incomparably more than in 
England, and does not depend on the 
form given to a ship. Nicholaieff had 
not the means necessary for the con- 


feet, therefore for an iron-clad in the/|struction of an iron-clad at the time of 


the commencement of the “ Novgorod.” 
If at that time it had not been decided 


‘to construct a circular ship, but one 


thickest possible armor with the heaviest | 
artillery, and do all this with the least | 
|more, because her tonnage would have 
These requirements were best attained | been much heavier, and therefore both 


possible expense ? 


by iron-clads of a circular form. 


equal to her in strength of ordinary 
type, it would have cost no doubt much 


In | the construction and the conveyance to 


proof of this I will quote a passage from | Nicholaieff would have required more 
an article in the Golos, which, as you all! money. One should not forget the wise 
know, was by no means written with a/|rule expressed in the Russian adage— 
view of commending these iron-clads. | “ Beyond seas a calf costs but a farthing, 
The Golos says—“‘ Popoffka’ has the | but to bring it home costs a crown.” To 
form of a floating right circular cylinder, | build here such an iron-clad as the Eng- 


which evidently was, is, and ever will 
remain, the type of an iron-clad the 


| 


lish “ Glatton,” which has 4,915 tons of 
tonnage, would require to have worked 


most suitable for a thick armor and|and conveyed here nearly double the 
heavy artillery, combining, as it does, | quantity of metal that we used on the 
by its geometrical formation, a maximum | “ Novgorod ”—that is to say, it would 


tonnage with a minimum draught.” 
(Golos, 1875, No. 17.) The opponents 
of these iron clads themselves have been 
forced to make such an admission. 
What they have said may be expressed 
with more exactness in the following 
manner:—The circular iron-clads have a 
minimum of tonnage for a given draught, 





| 


cost us nearly twice as much money. 

As to the efficiency and strength of 
the circular iron-clads, in this respect 
also they are not inferior to the strong- 
est among the representatives of the 
foreign fleets. The truth of this propo- 
sition is evident from the following 
table: 





Iron-clads. 


Tonnage. 





’** Tonnerre ” 
‘*Tempete ” 


t of the French fleet 


“ @latton,” English 
“« Admiral Spiridoff,”” Russian 


‘* Novgorod ” (circular), Russian 
New Iron-clad (cirular), Russian 
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From this table it will be perceived | tain that the armor of the “ Novgorod” 
that the “'Tempéte ” alone has a draught | is 11 inches thick. 
as low as 17 feet, but it was found neces-| In the case of the “ Glatton,” towards 
sary, in order to supply her with armor| both the stem and the stern, the armor 
of the same strength, to reduce the | diminishes by degrees in thickness from 

wer of her engine, so that after all she| 12 to 6 inches. Such diminution is to 
is not likely to have much pre-eminence|be met with on all iron-clads. The 
in speed as compared with the “ Novgo- | “ Novgorod,” on the contrary, has every- 
rod.” True it is that the “ Tonnerre” pos-| where considerable curvature, while at 
sesses very powerful engines, and there-|the same time she possesses all round 
fore must surpass by far the “ Novgorod”) the same thickness of 11 inches. The 
in speed, but then her draught is 21 feet. | decks of the “Glatton” the “'Tonnerre,” 
The artillery of these iron-clads is also|and the “'Tempete,” are, again, not so 
inferior to that of the “Novgorod.”| well protected as that of the “ Novgo- 
While on the “Tonnerre” and “Tem-/rod.” The second circular iron-clad 
péte” are placed 10-inch guns, those on|now in course of construction is a fur- 
the “Novgorod” are of 11 inches, and|ther development of the same principle. 
though the “ Glatton ” carries guns of 12| Her tonnage is 40 per cent. less than 


inches thev are shorter than the guns on | 


the “Novgorod,” and weigh only 25 


tons, while ours are of 28 tons each—| 


that is to say, they discharge a more 
powerful fire, and therefore are more 
capable of piercing armor. 


Let us turn now to the comparison of 
the armor-plating of these iron-clads. 
The French iron-clads have their armor 
114 inches thick, the “ Glatton” 12, the 
“Novgorod” 9 inches; but, in reality, 


the “ Novgorod” has, as we shall see| 
afterwards, armor-plating of 11 inches | 


thick, and, it may be, even stronger—all 
depends on the mode of viewing the 


structure. Strictly speaking, we have) 


that of the “ Glatton,” and will cost us, 
therefore, 40 per cent. less. While the 
“ Glatton” has a draught of 19 feet 4 
inches, that of the new iron-clad will be 
the same as of the “ Novgorod ”—viz., 
| 13 feet 2 inches; the armor of the “ Glat- 
|ton” is 11 inches thick, and that of the 
new iron-clad is 18 inches. I may con- 
fidently affirm that when the new iron- 
clad was first laid down no foreign navy 
possessed a vessel with such strong ar- 
mor. Now in England they are building 
the “Inflexible” with an armor of 24 
‘inches in thickess at the water-line ; but 
| this is, of course, in consequence of our 
having decided to give to our new circu- 
lar iron-clad armor 18 inches thick. 


not yet obtained sufficient data for the| In one of the recent numbers of the 
estimation of the strength of the armor | English periodical, Engineering, a table 
with which the “ Novgorod” is clad;|is given in which the iron-clads of all 
this, however, does not admit of a fleets not English are placed in the order 
doubt—viz., that technically speaking, | of their capability of being pierced by the 
the thinner the armor-plating is the| English guns. In this table, which be- 
better it can be finished by the rolling | gins with the weakest armor, our circular 
process, and the better finished it is, the | iron-clads stand the third from the end ; 
greater proportionate power of resist-|the “Tonnerre” and “Tempete” are 
ance it possesses. At the construction next, and the last among them is the 
of the “Novgorod” it was taken into |“ Peter the Great,” whose armor, by-the- 
consideration that we had no means of | bye, is represented to be thinner than it 
rolling armor-plates 11 inches thick, and | really is. The chief naval architect of 
for that reason it was decided to cover the English fleet, at a meeting of the In- 
her with plates 9 inches in thickness, | stitution of Naval Architects, held on 
which were within our compass of per-| the 3d of April, 1873, concluded his des- 
fect working, and we could strengthen | cription of the “ Peter the Great,” with 
the power of resistance of the armor|the following remarks: “The ‘ Peter 
with so-called “channel iron” as a back-| the Great’ is a long way yet from com- 
ing. The power of resistance in the) pletion, and the intentions of her design- 
channel iron placed on the “ Novgorod ”| er may not be carried out. We cannot 
is equivalent to that of 2-inch armor, | always do what we should like. I hope 
and, therefore, we have a right to main-|for the sake of her able designer that 
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she may prove as good a ship as the|/gorod” this resistance is greatly in- 
‘Fury.’ I do not wish her to be better, | creased by her flat bottom. 
and I dot think she will be better.”| I turn now to the details. The plac- 
I cite these words for the following pur- | ing of an open turret on the “ Novgorod” 
ose: Meditating on the results obtain-| was determined by the following con- 
ed by Mr. Reed and Mr. Barnaby, I came | siderations: Covered turrets present 
to the conclusion that they were got by} serious inconveniences. Being rotatory 
diminishing to the lowest possible degree | they can, without difficulty, be blocked 
the quantity of metal necessary for|by a wedge, which it would be much 
building the hull of an iron-clad. Fol-| more easy to insert in the turret aperture 
lowing in their footsteps, I have always | than to destroy a platform placed in the 
been faithful to this principle, so that at|open turret. Again, the closed turret 
the construction of the “ Peter the Great” | impedes the view, and, what is still more 
we reduced the weight of iron used to| important, cannot be fired from with pre- 
the extent of 40,000 poods, which cir-|cision. Each of the two guns placed in 
cumstance enabled us to furnish her| the covered turret has in aiming an error 
with 14 inches thickness plating, the | special to itself, notwithstanding that the 
same as the “ Fury ” has, and strengthen | turret is turned in the direction of one of 
it besides with the channel iron backing; | them; such being the case, one, of course, 
thus, though the “Peter the Great”)/cannot seriously speak of the efficiency 
was commenced two years before the| of the firing. have been deeply con- 
“Fury,” the former remains still the|vinced of the truth of this ever since | 
stronger. was commissioned to re-arm the four 
It is said that the circular vessels are|Admirals.* The captains and the officers 
the invention of the late Mr. Elder. I/of our gunnery squadron at Revel share 
think it right to mention this, not that I} the same opinion. In the open turrets 
feel my amourpropre wounded in conse-| all these inconveniences are remedied, 
quence. Most decidedly I do not attach |and they were adopted for our circular 
any importance to so-called inventions, | iron-clads as well on this account as on 
All who set themselves to work at the| the following considerations: When the 
solution of a given problem improve this | Germans besieged Strasbourg they placed 
or that part of it—that is, invent. It is | 3 breaching-battery at the distance of 
not Elder alone who has worked out the | 700 yards from the rampart ; they reck- 





solution of this problem of circular iron-|oned that with the precision of firing 
clads; many an officer and engineer has | from their siege-artillery they could even 


devoted his time to the same object,|at such a distance destroy the walls, 
and each one has brought his mite of | while those in charge of their guns would 
labor, knowledge, and talent to its solu-| be protected from the enemy’s fire ; and 
tion. There is, however, a great differ-|in view of this latter circumstance they 
ence between Elder’s form and mine. | made their battery open, and hence were 
Elder’s vessel below the water-line has|enabled to increase the angles of the 
the appearance of a segment of a spheri- range of their guns, and concentrate a 
cal body, while the same part in our/ greater part of them on a particular 
circular iror-clads presents the aspect of |Spot. Our circular iron-clads, designed 
a cylinder with circularly-shaped ends; with the exclusive purpose of defending 
this difference is the cause of the “ Noy- | passages already protected by obstacles, 
gorod” having only 13 feet draught, | appear to be in a position very much like 
while in Elder’s vessel, notwithstanding | that of the Germans before Strasbourg ; 
her equality to the former in tonnage | baving powerful artillery, and remaining 
and diameter, would have sunk to the| behind the bar, it will rest with them- 
depth of 23 feet. - Besides, as to the/| selves to choose their distance. During 
rolling and pitching of the vessel, there | the battle they will always have it in 
is also considerable advantage in favor| their power to retire to such a distance 
of the design of our circular iron-clads. | 48 to render the rifle-fire directed against 
While the form of Elder’s vessel is such | them ineffectual; therefore the very prin- 
that in rolling it does not present any |iples of sound economy required that 


other resistance than that of the friction | — : 
of the surface, in the case of the “ Nov-! aamicts UP® Bamed after four distinguished Russian 
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we should not refuse to avail ourselves | have been employed for other purposes. 
of the advantages to be derived from In its place we could put two more tur- 
open turrets. rets, and protect them by 14 inches plat- 
We have already laid it down that the | ing, and by placing in each turret two 
more limited the purpose for which the} 12-inch guns we should have tripled the 
vessel is designed the less will be her) artillery fire of the new iron-clad. There 
cost, and the better she will answer the | are no technical difficulties in the way of 
end and aim in view. Open turrets fa-|such an object. The additional armor 
cilitate the precision of fire, and for that | will not be delivered here before the ex- 
reason we could not but avail ourselves, piration of three months, and there will 
of the advantages they offer. 'be no difficulty whatever in altering it, 
Ever since open turrets were first in-|as we already possess in our dockyards 
troduced the question arose, and is still) the necessary means for such alterations. 
continually mooted, how to withdraw) It must be borne in mind, however, that 
the guns into the turret after the dis-| the thickness of the armor-plating is in- 
charge of the fire. In Russia, Captain | creasing every day. The more recently 
Borissoff, of the Engineers, was sent to| a new vessel is laid down, the thicker is 
England for the express purpose of|her armor; the English “ Inflexible” is 
studying different systems of lowering | to have already 24-inch armor. Besides, 
uns. Lieutenant Razskazoff is still} the English have commenced the con- 
there for the same end; and, lastly, there | struction of 80-ton guns, against which 
are many who are devoting their time|1l-inch armor is of course too weak; 
and labor to this question, as Moncrieff, | even the 18-inch armor will be sufficient 
Armstrong, Anderson and others. Cap-| only in view of the special purpose for 
tain Borissoff has already prepared a| which the vessel is constructed, as she 
project for causing the guns to recoil ;/ can retire to a distance sufficient to pro- 
but as there are many technical difficul-| tect her from the 80-ton guns of the 
ties in the way, the fitting of his ma-| enemy. 
chinery to the iron-clads has been post-| At the discussion of the project of 
poned until the final experiment of it has| circular iron-clads the question of sup- 
been tried on land. plying them with rams were also raised. 
I have already pointed out to you the| It was decided, however, not to supply 
fact that by increasing the diameter of| the ships with them, and that for the 
the iron-clad now in course of construc-| following considerations: In 1868 Cap- 
tion by only 19 feet, we were enabled to| tain Koltovsky, the commander of the 
furnish her with unprecedented armor clipper “@uydamak,” which had been 
and artillery—viz., guns of 40 tons 12) fitted with the folding torpedo poles, 
inches bore and 18-inch armor. But the; when on the Transound roadstead, at 
same means would have enabled us to|the time of the Imperial review, blew 
obtain other results if we had had them| up while in motion one of the old clip- 
in view. For instance, we could have| pers which was towed by a steamer, 
increased the speed, as the increase of | and destroyed her at a distance at which 
tonnage would have placed us in a posi-|no ram could be effective. Since then 
tion to fit them with more powerful en- | this branch of warfare has greatly ad- 
gines. But in view of the particular) vanced. The Admiralty have given it 
purpose for which these vessels had been | a proper organization, and have founded 
constructed, it was quite unnecessary to|a school of marine mining, and, in a 
give them a greater speed, otherwise we| word, have placed it on such a firm 
might have dispensed with the 7-inch | footing that we cannot but count on a 
thickness of plate which is proposed now | further development of the science. The 
to be laid above the adopted 11-inch! present application of torpedoes as a 
armor. We could then have replaced it} substitute for the ram is so simple, and 
by some other weight, as, for instance, | at the same time so sure, that it can be 
more powerful engines as just stated ;|adopted without the slightest risk. 
but there really is no necessity for in-| Apart from folding torpedoes there 
creasing the speed of the vessel, and,| already exist others. Finally, in favor 
besides, the engines are already ordered.| of such a decision we have also the 
Again, this additional plating might! circumstance that the ram begins to be 


Vou. XII.—No. 6—32 








498 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





effective at a distance of no more than 
8 or 10 feet, while the telescopic poles 
act effectually at a distance of 25 or 
80 feet. 

At present the inconveniences caused 
by rams are recognized to such a degree 
that in England, on the newly-projected 
iron-clads—e. g. on the “Nelson” and 
others—it is proposed to fit them in 
such a manner as shall admit of their 
being taken off and thus got rid of, at 
least in the time of peace. We might 
avail ourselves of this adaptation, and 
if it should be thought necessary to fit 
our circular iron-clads with spurs there 
will be no difficulty whatever in doing 
it by adopting removable prows, and 
that the more readily as the fitting of 
such prows is facilitated by the circum- 
stance that our iron-clads 
water, and it would even be unnecessary 
to take them into dock for that purpose, 
it being quite sufficient to raise that part 
of them where the ram is to be placed 
by means of air-bags. 

It has been said that the “ Novgorod” 
drew more water than was expected 
according to the original project, but 
this is not true. Were it really the 
case, her deck would not have been 
18 inches above the water-line, as was 
projected and as is really the case, as 
you all know. Nevertheless, the “ Nov- 
gorod,” up to the present moment, has 
always been more heavily laden than 
was originally proposed. Aé¢cording to 
the original project the “ Novgorod” was 
to have only 12 feet draught, exclu- 
sive of the keels; after she was sheathed 
with wood the draught was increased to 
12 feet 6 inches without the keels, and 
with them 13 feet 2 inches. The iron- 
clad now in course of construction will 
have just 13 feet draught if I get per- 
mission to lessen the depth of the keels 
by two inches. Generally speaking, 
though keels serve to a certain extent to 
diminish rolling, they are chiefly intend- 
ed to act as a protection against strand- 


ing. 
The deck-plating on the circular iron- 


clads is 23 inches thick. In the flat part 
of the deck of the “Novgorod,” and 


draw little | 


funnels is also wanting, but it is ready, 
and can be fixed in a very short time. 
The whole armor in the “ Novgorod” 
yet wanting weighs no more than 30 
tons, while on her trial she had 60 tons 
of fuel more than was originally pro- 

osed; and through this means her qual- 
ities were tried on more distant voyages. 
Therefore in time of war, when all the 
armor not yet fitted is supplied, she will 
still be able to take about 30 tons of 
coal more than originally intended; and 
should it be necessary for her to keep all 
the provision of coal until the commence- 
ment of the battle, she can be towed to 
the place assigned to her on the road- 
stead, in case of need, by our yachts 
and steamers. 

The ventilation of the circular vessels 
is excellent. Suffice it to point to the 
fact that in all other iron-clads venti- 
lators are in constant action. Thanks to 
the general belief that iron-clads require 
| ventilators, one was also fitted on the 
& Novgorod,” but this proved quite 
| superfluous, and the ventilator was never 
put in motion. Through the openings 
|of the turret deck such a quantity of air 
passes that this natural ventilation is 
| quite sufficient. I asked the permission 
| of the commander-in-chief to take away 
| the ventilating engines, but for the sake 
|of experiments on the ventilating ma- 
|\chinery during the hottest part of sum- 
mer his excellency desired it to be left 
till autumn. In all probability it will 
then be taken off, and then the “ Novgo- 
rod” will be the only iron-clad in the 
whole world with a low freeboard and 
no ventilator. In order that the natural 
ventilation may act, even when fresh 
breezes may make it necessary to cover 
over the turret, in its centre can be 
placed, as proposed by Captain Kolt- 
| ovskoy, a ventilator of sufficient height, 
in order that during no weather, however 
tempestuous, can the spray get into it. 
This ventilator may be utilized for other 
|purposes also. It is already proposed 
| to supply it with an electrical-light ap- 
|/paratus. Lastly, on the top of it can be 
placed mitrailleuses, as will be done in 
| the case of the new vessel. The “ Nov- 








that only temporary and to a very lim-|gorod” is ventilated, besides, through 

ited extent, besides the superstructures|the engine-hatches; but it is not likely 

the armor is only 1} inch thick; but a| that even this will be left. We have 

layer 1 inch thick can at any time be | already tried steaming with closed port- 
. | . 

placed above it. The armor for the | holes, and did not observe any change. 
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On the vessel now in course of construc- 
tion all ventilation will be effected 
through the grated bottom of the turret, 
the ventilating funnel around it, and the 
central flue. 

The circular vessels present many ad- 
vantages in their simple aud practicable 
arrangements for pumping out water 
from the hold, as compared with vessels 
of ordinary size. This arrangement is 
already more excellent in the “ Novgo- 
rod” than in any other vessel. From 
the drawing here you will see that round 
the whole inside of the vessel there are 


upon as the high bulwarks of a casemat- 
ed ship, and were constructed exclusively 
for the purpose of providing the crew 
with convenient accommodation. 

Rolling and pitching in a circular ship 
are far less perceptible than in any ship 
of another type. I have sailed in all 
sorts of ships, experienced all sorts of 
tempests, and from that experience I 
have derived my firm belief that no other 
ship is tossed so little and so quietly as 
the circular ship, and it is easy to under- 
stand this. The flat bottom of the circu- 
| lar ships serves in this case the same pur- 





placed over her bottom pipes furnished | pose as the small round plank of wood 
with suctions, which serve the purpose | used by the water-bearers in their pails, 
of concentrating all the available means |in order to prevent water from splashing, 
for pumping out water on a damaged | or, in other words, the flat bottom is no- 
part. Besides, for pumping out water) thing else but a huge horizontal keel 
in ordinary times—viz., when the water| which destroys the action of the waves. 
in the hold does not rise above some | With increase of diameter the vibrations 
inches, so that the ejectors cannot} diminish, because the bottom increases 
already reach it—there is a system of | with it,and the mass also; but the larger 


pipes, founded on Downton’s principle, 
leading into each compartment; there- 
fore it is quite enough to turn only the 
goose-neck of the valves in order to| 
cause the pumps to work in a given) 
compartment. But this problem has| 


the mass of a ship is the more powerful 
must be the waves to produce oscillation 
in her. The contrary assertion, that the 
circular ships are more sensitive to the 
waves, is founded on a misunderstanding. 
Looking from a distance, and especially 


been solved in a more excellent manner | if one has to come up to her in a small 
in the new vessel. The system of pump-| boat, when the sea is rough, the fact. of 
ing out water projected for her may be | her freeboard being deeply emersed and 


called perfect. Here the removing valve 
is to be placed in a particular compart- 
ment in the centre of the ship; from it 


|immersed leads some to think that she 
rolls deeply ; but it only appears so, 
while in reality the angle of her heeling 


will radiate eight pipes into the water- 


v over is not great. It is easy to show by 
tight compartments fo the vessel. This 


a diagram the difference between the roll- 


| 
is all; but you see how simply and | ing of the “ Novgorod” and that of an 
practically all the means of pumping out | ordinary brig, the width of which is 


of any compartment of a vessel can be| three times less than the diameter of the 
concentrated by this process. Such a|“ Novgorod,” and whose length is equal 
degree of simplicity and effectiveness it | to her diameter. You see that, although, 
is impossible to attain in ships of ordi-|as it appears, the rise and fall of their 
nary type. The length of the pipes, a| sides or bulwarks are the same, the angle 
number of valves and cocks, complicate | of the heeling over of the brig is three 
the system, and do not present in return | times larger than that of the “ Novgorod.” 
the assurance that it can be trusted as| Besides, an ordinary brig suffers much 
much as the system adopted for the|more from rolling, her stem and stern 
circular ship. | being something like wedges, which sink 

At first the hawse-holes were placed on | deep in the water and float there, being 
the iron-clad deck of the “ Novgorod,” | supported by the remaining parts of the 
as, according to the purpose for which|the ship, and thus a very considerable 
she was intended, she was not expected | strain on the ship is caused; and there is 
to remain long in the open roads. But |no other form besides the circular which 
when this proved to be the case the | possesses an enormous floating power in 
hawse-holes were placed higher on the}its extremities. Therefore the “ Nov- 
deck of her superstructure. As to the|gorod” is naturally subject to pitching 
supertructures, they ought to be looked! in a less degree than a brig ; and, as the 
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rolling and pitching are the same in her, 
she will roll — in all directions. The | 
low freeboard of circular vessels, in its 


turn, also helps to diminish the oscilla-| 


tion. That this is the case with monitors 


as well is a fact so generally known that) 


[ need not dwell on it longer. How 
small the amount of the oscillation of 


the “ Novgorod” is I ascertained person- | 


ally on her way from Sebastopol to Yalta, 
on the 9th of September. I cannot say 
that we met in this passage with unusu- 


ally tempestuous weather, but the wind | 


was very strong, as is generally the case 
at that time of equinoctial gales. When 
we got to the Yalta roadstead, I left her 
to embark on the “ Griklick,” which, 
though she was lying at anchor against 


the wind, rolled to such a degree that in| 
washing appa- | 
down ; and I remem- | 


the cabin where I was the 
ratus was thrown 
ber that at night the rolling of the 
“Novgorod,” steaming against the sea, 

was so small that in the c captain’ 8 cabin | 
large candlesticks never fell from the| 
table on which they were placed. 

Trying the qualities of the “ Novgorod,” 
while she is the only circular ship afloat, | 
and we have not finished our experiments | 


of all kinds, and under all possible cir- | 


cumstances, it is the paramount duty of 
her captain to dismiss altogether the sug- 
gestions of his self-love, and never to ex- 
pose to danger the ship intrusted to his 


care, were it at the risk of his good repu- | 


tation, or at the risk of having denied to 
him those personal qualities which he 
really possesses. 

It is said that the “ Novgorod” is very | 
ungovernable, and in proof of this the 
fact is adduced that she 
buoy when passing through the estuary. 
In this respect Baron Bistrom is right 
when, in his article, he observes that in 


shallow water every ship is ungovern- 
. . | 
The fact of a buoy being carried | 


able. 
off cannot be adduced as proof of the 
ungovernableness of a ship ; it can be 
explained otherwise—namely, that the 
buoy was touched and carried off by the 
self-confidence of the captain. Against 
being ungovernable, strictly so called, 
the “ Novgorod ” is furnished with safe- 
guards in her six independent screws, 
which can be used at pleasure, and which 
no other ship possesses. But there are 
many who ascribe the cause of her un- 
governableness to this very multiplicity 


carried off the | 


| of screws, and affirm that it proceeds 
from the racing of the screws. This is 
|not true. There was only one occasion 
on which racing was observed, and this 
only recently, since the blades were 
lengthened. In order to control the 
working of the engines, and to keep the 
number of revolutions uniform, special 
instruments—strophometers—were order- 
ed, which indicate the number of revolu- 
| tions being made by the engines at any 
moment. And the circumstance of the 

“Novgorod” possessing six screws, and 
not one, as is the case with other ships, 
must be, of course, considered, not as a 
defect, but as an advantage. It is af- 
firmed that the screws of the “ Novgor- 
od” can be easily damaged, as they are 
not protected by overhangs like those of 
monitors. But there no necessity 
whatever to protect the screws, bearing 
|in mind the special purpose for which 
| the ships are intended ; and in case it is 
found necessary, it will suffice to enlarge 
/a little the stern superstructure, and 
make it project to form an overhang to 
| protect the screws. 

Lastly, it remains for us to examine one 
more point—the speed of a circular ship. 
At the time when the circular ships were 
projected it was required that they should 
possess a speed not less than that of 
monitors. It was proposed to make 
these ships 96 feet in diameter. After- 
wards his excellency the commander-in- 
|chief, at the time of his visit to St. 
| Petersburg, wanted them to be sheathed 

| with wood and copper, in view of the 
/cireumstance that the comparative salt- 
jness of water of the Black Sea would 
otherwise make it necessary frequently 
to dock her in order to have her bottom 
cleaned. It was also thought the armor- 


is 


} . . 
| plating would be stronger and its work- 


ing easier if one curvature only were 
given to it—viz., if the plates were placed 
vertically—and in order to preserve the 
outward circular appearance of the shape 
of the vessel, the space filled up with 
wood backing. The importance of these 
propositions, as well as the circumstance 
that even after the proposed alterations 
had been made the speed of the “ Nov- 
gorod” was nevertheless to remain the 
same—viz., not less than that of moni- 
tors—prevented my ge, * my voice 
against those alterations. But they in- 





crease the diameter to 101 feet, and the 
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displacement by 400 tons, and thus in- | utmost of her speed have no importance 
creased the area of midship-section,| whatever, and everything depends on 
while the engines remained the same. | the proportionate power of her engines. 
Notwithstanding all this, the correctness | (Here the admiral showed by means of 
of the preliminary calculations as to the|a diagram that in a circular vessel the 
speed was afterwards confirmed, and the | power of her engines may be increased 
“ Novgorod ” sailed as she was expected, | to an extraordinary degree, while pre- 
according to the original project, not | serving all her advantages over the ordi- 
slower than the monitors. /nary vessels as to the area of her mid- 
It is erroneous to affirm that circular | ship section, the surface of friction, the 
ships are not capable of possessing great | size of her body, and comparative cheap- 
speed. To prove this it would have been| ness.) Although it was not intended 
necessary to make experiments with|that the vessel now in course of con- 
this particular object in view. But not/struction should go faster than the 
having constructed circular ships for|“ Novgorod,” it is nevertheless very 
high speed, we had no need to make) probable that she will do so. In those 
such experiments. My own personal boats of which I have made mention the 
opinion is that circular ships are|screws are placed deeper, and that of 
capable of possessing great speed. I) course is one of the causes of their high 
know that this question is being dis-|speed. There is no doubt that if the 
cussed in England. There is a project|screw works in deep water it will be 
for a passenger and goods steamer to|more effective. And this led to the 
run between Liverpool and Birkenhead change in the disposition of the screws 
to which it is proposed to give a circular | in the vessel now in course of construc- 
shape, as this shape is supposed to be/|tion. The shafts of the two middle 
able to satisfy the requirements of the | screws are lowered, and the diameters of 
enormous traffic in this locality with less;the screws increased, so that these 
expense. The full waterlines of a circu-| screws work in deeper water, and below 
lar vessel are not an obstacle to obtain-|the bottom of the vessel; and in order 
ing a great speed. This appears from|that they may not prove an obstacle in 
the following fact: You know that of | shallow water these screws will be fixed, 
late years small steamboats are of an| from their having three blades, in such a 
unusual speed, light hulls, very powerful | position that the blades shall not come 
engines, and deeply-placed screws, have| out below the bottom. Besides, these 
been built. Some of them have made| large screws will be set in motion each 
twenty miles an hour. In England such! with two engines, while the remaining 
boats have been built by Mr. Thorn -|four of a smaller diameter are to be 
croft, and in Russia by Mr. Baird. Mr. | worked only with one engine each. Mr. 
Baird’s boat was constructed of copper, Harland, an Englishman, for the same 
from the designs of Mr. Norman Scott | purpose—viz., to be able to change the 
Russell, the son of a well-known English | immersion of the propeller according to 
engineer, who was the first to design and | the depth of water, proposed to connect 
spel the principle of the wave -line.| the screw-shaft with the crank-shaft by 
r. Russell’s son, in order to give the} means of a universal joint. With this 
boat a minimum of resistance, availed | arrangement, when the vessel comes into 
himself of the principle of the wave-| shallow water the screw is raised; and 
lines discovered by his father. But/ then, although the screw-shaft is inclined 
what is the result? When the boat/|to the crank-shaft, its rotation will con- 
reaches the maximum of speed the stern | tinue the same as before. When in deep 
and bow come out of the water alto-| water the screw is lowered, it being more 
gether, so that the keel is exposed to the | advantageous to let it work deeper, so 
extent of some feet, and she retains in| that the two shafts make one straight 
this position the fullest waterline. If|line. The steamer “ Britannique” was 
that part of her which floats out of| the first to adopt this improvement pro- 
water were cut off, the boat, instead of| posed by Harland, and performed the 
losing, would gain in speed. This makes | voyage from Liverpool to New York in 
me think that the pointed parts of the| 7 days 18 hours. 
water-line when the boat is at the| Ina word, there are very many means 
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of attaining a high speed in circular 
vessels, and that the more easily as their 
small draught is in this respect a most 
advantageous circumstance. Of course 
all this requires a great expenditure of 
money, but without money nothing can 
be done. I am not surprised that circu- 
lar vessels should have opponents, as 
every new idea is received with doubt. 
That vessels could be constructed of iron 
was also doubted. When the “Great 
Western” was finished it was said she 
would not be able to cross the ocean, 
and even when she safely reached Amer- 
ica it was still affirmed that she would 
be obliged to remain there, and that 
similar vessels would never be con- 
structed in future. Nevertheless, after 
her there were built vessels of a still 
larger size, and iron became nearly the 
only material used in shipbuilding. The 





same we see now also. It has been said 
that the “ Novgorod” would sink at the 
very launching; that she would not be 
able to keep the sea; that she could not 
be lifted on a hauling-up slip; that on 
the raising of her stern she would cap- 
size, and so forth. These opinions were 
shared even by some competent persons, 
Nevertheless the “Novgorod” was 
launched and did not sink. When or- 
dered to do so she got to sea, made safe 
voyages and behaved well, and fired 
her guns efficiently; she was lifted on to 
the slip (made, by-the-bye, not especially 
for her), and nothing happened to the 
slip, so that after the “ Novgorod” was 
taken off it received the largest steamer 
that ever had been placed on it. Lastly, 
she was raised when it was necessary to 
change the pitch of her screws and did 
not capsize. 





ON SOME REMARKABLE CHANGES PRODUCED IN IRON AND 
STEEL BY THE ACTION OF HYDROGEN AND ACIDS. 


By WILLIAM H. 


JOHNSON, B.Sc. 


From the Proceedings of the Royal Society. 


Some three years ago my attention 
was called to a remarkable change in 
some of the physical properties of iron 
caused by its temporary immersion in 
hydrochloric and sulphuric acids. This 
change is at once made evident to any 
one by the extraordinary decrease in 
toughness and breaking-strain of the iron 
so treated, and is all the more remarka- 
ble as it is not permanent, but only tem- 
porary in character, for with lapse of 
time the metal slowly regains its origi- 
nal toughness and strength. With a 
view of ascertaining the cause and de- 
gree of this change, I have from to time 
made a number of experiments, some of 
which were carried out on a large scale 
in an iron works where quantities of sul- 
phuric and hydrochloric acids are used 
to remove the coating of oxide from iron 
wire, preparatory to drawing it. Many 
of these experiments have been already 
described in a somewhat desultory form 
in the “ Proceedings of the Literary and 
Philosophical Society of Manchester,” 
for Jan. 7th, March 4th, Dec. 30th, 1873, 
Jan. 13th, March 10th and 24th, 1874. 





As mentioned before, I first noticed 
that iron wire became more brittle after 
a few minutes’ immersion (half a minute 
will sometimes suffice) in a strong hydro- 
chloric or dilute sulphuric acid—a piece 
breaking after being bent once on itself, 
while before immersion it would bear 
bending on itself and back again two or 
three times before breaking. But per- 
haps the most remarkable phenomenon 
was, that if, while still hot from the ef- 
fort of breaking, the fractured part was 
wetted, it appeared to froth, copious 
bubbles of gas being given off from the 
whole surface of the fracture for 30 to 
40 seconds, or even longer, making the 
water on the fractured surface appear to 
boil violently. This frothing is increased 
by anything that augments the heat pro- 
duced by fracture; in fact it is necessary 
that the fracture be more or less warm 
to cause the escape of bubbles; for if the 
wire be nicked and broken short without 
generating any heat, few or no bubbles 
will be seen. By. further experiment I 
found that other acids, such as ascetic, 
had the same effect on iron as those first 
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used; and it became evident that any | an hour’s immersion in hydrochloric acid 
acid which liberates hydrogen by its ac-| will make a piece of steel containing, 
tion on iron is able to produce them. | say 0.60 per cent. of carbon, break with 
Nitric acid, which under usual condi-|a much darker colored fracture, and ren- 
tions does not liberate hydrogen by its|der it so brittle that no amount of ex- 
action on iron, is, however without effect. | posure to the air or heat will ever com- 
The frothing the diminution of tough-| pletely restore it. On hardened and 
ness, and all other changes caused by an | tempered steel the decrease in toughness 
immersion in acid are, as a rule, only | produced by immersion in acid is greater 
temporary; for after an exposure to a/and more rapid than with the same steel 


temperature of about 16° C. for three 
days, or of 200° C. for half a day, the 
wire will be found to have regained its 
original toughness, and no bubbles, or 
any sign of evolution of gas, will be seen, 
as before, on moistening the fracture. 
The bubbles also cease to be visible long 
before the wire has recovered its original 
toughness or elasticity. Immersion in 
water, particularly if warm, hastens the 
restoration of toughness, and numerous 
bubbles may be seen to arise from the 
iron when first immersed. If a little 
caustic soda, or other alkali, be added to 
the water in which the iron is laid, its 
recovery is still further hastened, as it 
neutralizes a film of acid which seems to 
adhere to the surface of all iron which 
has been attacked by acid. 

It seems at first remarkable that steel 
does not froth when fractured after im- 
mersion in acid, under the same condi- 
tions as will produce a violent evolution 
of gas with iron; and yet the action of 
acids on steel is more rapid, more marked, 
and more permanent than on iron. The 
decrease in toughness is such that a 
piece of steel which, previous to immer- 
sion in hydrochloric or sulphuric acid, 


|in a soft state. 

Suspecting that the absence of froth- 
ing on the surface of steel after immer- 
sion in acid might arise from the bubbles 
of gas given off being so small as to be 
invisible to the naked eye, I examined 
the moistened fracture of a piece of steel 
under a microscope with a power of 250 
diameters. My expectations were ful- 
filled, for numbers of minute bubbles 
were seen to rise from parts of the mois- 
tened surface. It appears that the fibrous 
and open structure of iron allows any 
gas which has been occluded in its sub- 
stance to pass more easily to the surface 
of the fracture than will the close, unfi- 
brous, hgmogeneous structure of steel ; 
consequently the evolution of gas will 
not be so rapid with steel as with iron. 
Moreover, the fracture of steel presents 
an almost infinite number of small 
points, all favorable to the rapid evolu- 
tion of small bubbles invisible to the 
naked eye. Iron wire, on the other 
hand, breaks with a fibrous, mossy frac- 
ture, which will retain the small bubbles 
until they have grown sufficiently large 
to be visible to the naked eye. Hence 
| the frothing in iron and its absence in 





would stand bending on itself and back | steel. 
two or three times, will break short off | The following experiments were made 
like a pipe-stem when bent. So great is| to ascertain if there was any appreciable 
the influence of acid, in fact, that 10) increase in weight in iron which frothed 
minutes’ immersion in dilute sulphuric | over the same iron when in its usual state. 
acid will sometimes cause a coil of high-|The pieces of iron and steel wire, after 
ly carbonized tempered cast-steel wire | immersion in acid, were well washed in 
to break of itself into several pieces while | cold water, and when dry weighed, this 
in the liquid. being the weight when the metal con- 

The amount of carbon in the steel ap-| tained the gas. Subsequently they were 
pears, moreover, to be connected with | heated several hours in oven to restore 
the action of acid; for in mild Bessemer | them as far as possible, and again 
steels, containing about 0.20 to 0.25 per| weighed. The result of the last weigh- 
cent. of carbon, the change is very little | ing, in every instance, must always have 
more marked than in iron, even frothing | been a little too large, as it was found 
being apparent after prolonged immer- | impossible to prevent a thin film of rust 
sion. With an increased percentage of |ferming on the surface of the metal ° 
carbon the action, however, is more|when being heated in the oven. Not- 
marked and of longer duration. Half | withstanding this, the results showed in 
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every case a gain in weight after immer- 
sion in acid. After five hours’ immer- 
sion in acid the average gain in weight 
for mild steel, charcoal iron, and com- 
mon iron was in 


Hydrochloric acid 
Sulphuric acid 


.028 per cent 
-036 wi 


The steel gained considerably the 
most—a result well worthy of notice; 


for we shall see that the tensil strain | 
and elasticity of steel are far more af-| 
fected by the presence of absorbed hy- | 


drogen than iron under like conditions— 
probably in part because more gas is 


occluded by steel than iron (a conclusion | 
which the greater increase in weight of | 


steel, in comparison with iron, bears out), 
and in part owing to the different mole- 
cular structure of steel. 

I hope at some future time to ascer- 
tain, if possible, if this gain in weight is 
entirely due to occluded hydrogen, or 
whether also to absorption of acid to a 
greater or less extent. 

Having examined in detail some of the 
effects of immersion in acid upon iron 
and steel, we will now more closely con- 
sider them with the object of discovering 
the cause. 

It might at first sight be thought that 
the frothing could be explained on the 
supposition that by the action of acid, 
iron is thrown into what may be called 
the “active state,” in opposition to the 
so-called passive state caused by nitric 
acid, and that in this “ active state” it is 
able to decompose water at the ordinary 
temperature, forming oxide of iron and 
bubbles of free hydrogen. The facts, 
however, do not bear out this theory, as 
the bubbles are still seen if oil be em- 
ployed instead of water; and no matter 


how numerous the bubbles, the closest | 


examination fails to show any formation 
of oxide. Again, the frothing is greater 
from the long end than from the short 


end of the piece of wire, whereas, if due | 
to oxidation, it should be the same at| 


both ends. 

Now, the following facts make it cer- 
tain that hydrogen is either the sole 
cause of the changes produced in iron 
by some acids, or is inseparably con- 
nected therewith: 

Ist. Only those acids which evolve 
hydrogen by their action on iron pro- 
duce any change in iron and steel, nitric 


acid (which does not liberate hydrogen 
except under particular conditions) having 
no effect. 

2d. It is difficult to collect the bubbles 
|which form the froth on the moistened 
|fracture of a piece of iron in sufficient 
| quantity for analysis; but by putting a 
'coil of wire, previously steeped in acid, 
into hot water under a bell-jar, the bub- 
| bles of gas evolved by the iron may be 
collected, and will be found to burn with 
the characteristic flame of hydrogen. 

Hence it is probable that iron and 
steel, when placed in hydrochloric, sul- 
| phuric, or other acid, absorb some of the 
nascent hydrogen generated by the ac- 
tion of the acid, thus forming what, for 
| the lack of a better term, may be called 
|an alloy* of iron and hydrogen. This 
|alloy may be compared to that formed 
| when zinc is amalgamated with mercury ; 
|and just as in process of time the mer- 
|cury disconnects itself from the zine, ap- 
pearing in globules on its surface, so 
hydrogen gradually disengages itself 
‘from the iron—a movement which is 
| greatly facilitated by heat, as is natural 
| to expect. . : 

The analogy may be carried still fur- 
ther ; for as amalgamated zinc is made 
brittle in consequence of the pores or 
interestices between the molecules of the 
metal being filled up by mercury, motion 
of one molecule over another being then 
impeded, so in like manner iron becomes 
brittle when its pores are filled up by con- 
densed hydrogen gas; and naturally, 
when the hydrogen or mercury is driven 
out of the molecular interspaces, move- 
ment of the molecules on one another is 
less impeded, and hence the former 
toughness or elasticity is restored. 

Nor is amalgamated zine the only an- 
alogous case ; for the following remark- 
able experiment lends further probabil- 
ity to the theory, by showing how rapidly 
the absorption of zine by iron may take 
place, attended with similar results, as 
regards increased brittleness, to those 
which accompany the absorption of hy- 
drogen. It also shows how rapidly, by 4 
slight change of temperature, zinc may 
be disengaged from the iron, thereby 
causing it to regain its former tough- 
ness. 





* By the term alloy I mean a solution of one metal in 
another. 
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A piece of galvanized iron wire, of|ing from 3 to 20 inches long, and im- 
good quality, such that when cold it|}mersed 5 to 24 hours in water, yielded 
could be bent several times on itself and | similar results. It was found, however, 
back again before breaking, was raised | that when the wire connected with the 
to a red heat so quickly that the coating | zinc plate was of steel, no bubbles were 
of zinc was melted and only a small por-| visible to the naked eye on wetting the 
tion vaporized. On attempting to bend | fracture with the tongue, precisely as in 
it while still red-hot, it broke off sharp, | the case of steel after immersion in acid. 
offering very little resistance to fracture. |Twenty-four hours in a warm room re- 
The fracture was of a uniform blue-grey | stored the iron to its original state, and 


color, as though the zinc had penetrated 
into the interior of the iron. When 
cold, the same piece broke with all its 
former toughness and with a long fibrous 
fracture. The wire was again “heated 
till the coating of zine was completely | 
vaporized, and then it was found to be 


no bubbles were then seen on breaking 
and moistening the fracture. 

“The water in the last experiments 
was then replaced by an aqueous solu- 
tion of caustic soda, when, after two 
hours, the moistened fracture of the wire 
connected with the zine pole of the bat- 


so tough that it was impossible to break | tery was found to bubble. Twenty-two 
at ared heat. Wire in red-hot molten} hours’ longer immersion, the battery 
zinc will often break short, though the | working all the time, caused the bubbles 
part out of the metal remains quite | to be more abundant; the toughness of 
tough. the wire was also diminished and its sur- 
It is remarkable that this experiment | face blackened. The wire at the positive 
will not succeed with all kinds of iron, | pole was, however, unchanged, either on 
some not being made thus “ red-short ” | the surface or in toughness.” * 
by zine. | From this we see that not only is acid 
By way of testing the theory that oc-| not indispensable for the production of, 
cluded hydrogen is the cause of the |at all events, the major portion of these 
change in the properties of iron after its; changes in iron, but the latter can be 
immersion in acids, the writer determined | equally well produced in an alkaline so- 
to dispense with acid altogether, and en-| lution. 
deavor to produce the same result by} The apparatus remaining unchanged, 
subjecting pieces of iron to the action of | the soda was next replaced by hydro- 
nascent hydrogen. | chloric acid, 1.20 sp. gr. On then immers- 
“With this view two pieces of iron |ing the iron-wire electrodes for only 2 or 
wire .07 inch diameter were connected |3 seconds, the negative electrode, where 
respectively with the zinc and copper| hydrogen was given off, was found to 
plates of a battery of 80 Daniell’s cells, | froth freely when the fractured extremity 
and immersed in a vessel of Manchester | was wetted, as much, in fact, as after 15 
town’s water at a distance of 1 inch | minutes’ immersion when the current 
apart. On closing the current, bubbles| was broken. Half an hour’s immersion 
of hydrogen were given off from the) failed to produce any similar change on 
wire connected with the zinc plate of the | the positive electrode where no hydrogen 
battery, but none from the wire connect-| was liberated. The absence of effect on 
ed with the copper plate, the oxygen/the positive electrode is all the more 
liberated there apparently forming oxide | remarkable, as a piece of wire of exactly 
of iron, which in 12 hours formed a/ the same quality, and immersed an equal 
muddy deposit at the bottom of the ves- | time in the same liquid, but unconnected 
sel. After 24 hours the surface of the| with the battery, had become brittle and 
wire connected with the zinc plate was|frothed when broken. It thus appears 
unchanged ; but on moistening the frac-|that neither oxygen nor chlorine are, 
ture bubbles were given off, just as if it | under these conditions, occluded by iron, 
had been immersed in acid. The other | or if occluded, that they produce no sen- 
wire, though much oxydized and eaten | sible change in its physical properties. 
away, did not give off bubbles when | Nascent hydrogen having been shown 
broken, and had not become brittle. | to produce these effects, a trial was next 
“A variety of experiments made in| —_ 
the same way with pieces of wire vary-| * Proc, Lit, and Phil. Soc. Manch. 1874, p. 130. 
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made to ascertain if any similar change 
could be produced in iron by leaving it 
in an atmosphere of hydrogen gas. With 
this object a glass tube 4” in diameter 
was filled with pieces of bright iron wire 
yo” in diameter, and a current of hydro- 
gen passed through for periods of 1, 2 
and 8 hours respectively, but without 
any perceptible change in the wire. The 
wires were then placed in a bottle three- 
fourths full of water, and hydrogen 
made to bubble violently through the 
water for an hour, but still without any 
effect. It would thus appear that hydro- 
gen is only occluded in the nascent state 
by iron in the cold. Possibly, however, 
absorption may take place if the sur- 
faces are chemically clean. The late Dr. 
Graham, in his valuable papers on the 
occlusion of hydrogen, showed, several 
years ago, that when red-hot iron, palla- 
dium, or platinum are allowed to cool in 
an atmosphere of hydrogen, this gas is 
occluded by them in large quantity; and 
in the “Proceedings of the Royal So- 
ciety,” 1868, xvi. p. 422, he mentions 
that the best way of charging any of 
these metals with hydrogen is to make 
the metal act as the negative electrode 
in acidulated water for a battery of 6 
Bunsen’s cells—a fact unknown to the 
writer when he made experiments. 

Though the absorption of hydrogen 
by iron is no doubt the cause of the 
frothing and diminution of toughness at- 
tendant on the immersion of iron in 
hydrochloric and sulphuric acids, there 
are some phenomena which cannot be 
explained by it alone, but which seem to 
show that the occlusion of hydrogen is 
accompanied by the absorption of a 
minute portion of the acid by the pores 
of the iron. 

In proof of this the following well-es- 
tablished facts are adduced : 


ist. Iron much sooner regains its nat- 


|aried, and finally reduced in diameter 
|two thirds by drawing several times 
| through a steel die, processes which must 
|surely remove any surface-coating of 
acid ; and yet it will take longer to re- 
cover its original toughness if cleaned in 
sulphuric acid than in hydrochloric acid. 

2d. The pieces in the last experiment 
immersed in hydrochloric acid will be- 
come spotted with rust on the surface 
some days before those immersed in sul- 
phuric acid. 


If the supposition that acid is absorbed 
by thefron be correct, this is only what 
we should expect; for it is only natural 
to suppose that the most volatile acid, 
viz. hydrochloric, will come to the sur- 
face first. 

We know, moreover, that water can 
by great pressure be forced through 
considerable thicknesses of cast iron. 
Why, then, should not a liquid pass into 
the pores of wrought iron? 

As further proof of the presence of 
acid in iron, I have found that blue 
litmus-paper was slightly reddened when 
moistened by a drop of water which 
had been carefully placed on the fracture 
of a piece of iron 45" in diameter, previ- 
ously immersed in sulphuric acid several 
hours, and then washed in water. The 
drop of water in this case did not 
moisten the sides of the fracture, where 
some trace of acid might be present. 

The occlusion of hydrogen by iron 
when immersed in acid solutions enables 
us satisfactorily to account for some of 
the difficulties experienced in depositing 
copper, silver, tin, or other metals from 
their solutions in acid in electrotyping 
or otherwise. Generally any coat of 
appreciable thickness slowly shells off, 
leaving the surface of the iron bare in 
places, and so making the coat of no 
avail as a preventive of oxidation. The 
case is obvious; the hydrogen occluded 





ural state after immersion in hydrochloric | whilst the iron is being cleaned in a 
than in sulphuric acid, though at first | bath of vitriol or hydrochloric acid, and 
both may have equally affected it, as| subsequently imprisoned by the coat of 


judged by diminution of toughness. It 
may be thought that some portion of the 
less volatile sulphuric acid adhering to 
the surface of the iron, even after pro- 
longed washing, will account for it. This 
cannot be the case however; for the wire 
may not only be repeatedly washed in 
water, but even coated with lime-water, 


|metal, must escape, and in so doing 
forces its way out, loosening or carrying 
away some portion of the superficial 
covering of the metal. If, however, the 
iron, after being cleaned in acid, is 
boiled in caustic-soda solution, a process 
which effectually expels the occluded 
hydrogen, a coating of copper or other 
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metal may then be electrically deposited | Bearing in mind the numerous uses of 
which will not shell off in the least.| iron and steel, and the probability that 
This is actually being done in practice; | at times hydrogen may be occluded in 
and large numbers of iron articles are | them, altering their strength in a way 
now coated with a covering of copper little anticipated, it seemed of some 
four-thousandths of an inch in thickness. | importance to determine these changes 

In connection with this subject, I wish |—and the more so, as any experiments 
to refute a statement made by Professor | of this kind could not fail to throw some 
Reynolds, in a paper read before the} light on the molecular arrangement of 
Lit. and Phil. Society of Manchester, | metal in different qualities of iron and 
Feb. 24th, 1874, an abstract of which steel, a subject in itself of much mterest. 
appeared in the “Journal of the Chemi-| With this object upwards of 350 experi- 
cal Society,” June, 1874, p. 546, and/ ments have been made at various times 
other journals. The Professor states| with a very accurate machine, by which 
that I did not attribute the frothing of | any weight could be brought to bear on 
iron after immersion in acid to the escape | the wire to be tested without the least 
of hydrogen, but to the action of acid.|jar—a very important point, though 
In my first paper on this subject (Proc. | difficult of attainment, in experiments 
Lit. and Phil. Soc. Manchester, p. 80,|on tensile strength. The elongation at 
1873) the following passage occurs: “It}any moment could also be easily read 


seems probable that a part of the hydro- 
gen produced by the action of the acid 
on the iron may be absorbed by the iron, 
its nascent state facilitating this. And 
when the iron is heated, by the effort of 
breaking it, the gas may bubble up 
through the moisture on the fracture.” 
This shows that in my first paper I com- 
prehended the true nature of the phe- 
nomenon. 


Change produced in the breaking-strain 
and ultimate elongation of iron and 
steel by hydrogen occluded in it after 
immersion in hydrochloric and sul- 
phurie acids. 


In the earlier part of this paper some 
few of the changes in the properties of 
iron produced by occluded hydrogen 
have been examined. The degree of 
this change it has not always been possi- 
ble to determine. In the case of the 
diminution of toughness, for example, 
no exact and easily applied test has yet 
been devised by which we can obtain 
with precision a numerical result express- 
ing the relative toughness of any two 
examples; consequently we must be 
content with less definite results. This 
difficulty is fortunately not met with in 
the examination of the change in elastic- 
ity and tensile strength; for the breaking- 
weight and maximum elongation of any 
number of samples can be pretty easily 
ascertained, with great accuracy, and 
numerically expressed, thus making com- 
parison easy. 


off. The length of the pieces tested 
was in all cases the same, viz. 10 inches 
' between the dies, and the temperature 
|at the time of experiment about 16° C. 
I mention these points, as any variation 
in the length or temperature of the 
pieces tested will alter the result con- 
siderably. In order also to obviate, as 
far as possible, errors arising from the 
irregularity and absence of perfect 
homogeneousness of structure, even in 
the most carefully prepared iron and 
steel, the number of tests has been mul- 
tiplied as much as possible and the mean 
only given. 

The mode of experiment was as fol- 
lows: After immersion in acid, the 
pieces were wiped and then tested, this 
| giving the tensile strain and elasticity 
|when containing occluded hydrogen; 
subsequently they were heated on hot 
plates or in ovens, as the most ready 
method of expelling the hydrogen, to a 
temperature considerably below that re- 
quired to anneal them; and when cold, 
the breaking-strain, etc., of the iron, 
which had now recovered its natural 
| state, was again ascertained by testing. 

> 
| It might be thought that tests of iron 
‘in its natural state could be best made 
| by experimenting on it before immersion 
}in acid. Results so obtained cannot, 
however, be fairly compared with tests 
of the same piece made after immersion 
jin acid, as the action of the acid some- 





what reduces the diameter of the iron. 


| The following results are the means of 
30 tests made on annealed and bright 
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iron wire respectively—first, after being | ondly, after being heated 12 to 48 hours 
one hour in hydrochloric acid, and sec- |to drive off the hydrogen. 





Break- 
ing 
strain. 


Mean error 
in breaking- 
strain. 


Elongation. 


Mean error 
in 
elongation. 


Number of 
experiments 
of which 


} 

| each result 
| is mean. 

| 





Annealed iron wire, H ex-)| 
taining | 100 


Annealed iron wire when ) | 100 
containing H 
elled 100.487 | 
Bright iron wire when con- ) | 
Bright iron wire, H expelled..| 100.274 


+ .47 


per cent. 
20.5 


21.3 


per cent. | 
+1.12 


+1.71 


2 +0.66 
2.83 +0.64 


12 











Thus the tensile strain of annealed 
iron wire appears to be affected to twice 
the extent that bright wire is by immer- 
sion in acid for same length of time. 
The reverse is the effect on elonga- 
tion. 

Longer immersion in acid causes the 
iron to take up more hydrogen, and 
makes the change much greater, as the 
following experiments show. Denoting 





by 100 the breaking-strain of bright 
charcoal-iron wire after 12 hours’ immer- 
sion in very dilute sulphuric or hydro- 
chloric acid, and subsequent 5 hours’ 
exposure in air at a temperature of 12°, 
during which time some of the occluded 
hydrogen must have escaped, then the 
breaking-strain of the same, after being 
5 days on ahot plate to expel the dydro- 
gen, is as follows: 





Breaking- 


| Mean error 
| in breaking- 
| strain. 


j 


Number of 
experiments 
for each 
| result given 


Elongation | Mean error 
of len in 
4am 


elongation. 





| 
| 
| strain. 
| 
| | 
Charcoal-iron wire contain- } | 
ing H occluded in H*SO* § | 
Charcoal-iron wire, H ex- } | 
pelled by heat. ......... ’ 
Charcoal-iron wire contain- 
ing H occluded in H Cl.. 
Charcoal-iron wire, H ex- 
pelled by heat 





per cent. 
+1.33 


+7.10 4 
+0.3 
+1.1 


per cent. 
1.3 


per cent. 
+0.23 


| 
| 
| 
| 
| 
| 
+0.33 | 
| 
$0.41 | 
| 
+0.33 











The diminution of elongation and 
breaking-strain caused by occlusion of 
hydrogen is very marked in these ex- 
periments, but is quite equalled by the 
following experiments on mild steel con- 
taining about 0.227 per cent. carbon. 


The wires were allowed to remain in 
very dilute hydrochloric acid about 5 
hours, then, when tested, heated to 
about 100° C. for 12 hours, by which 
means a portion of the occluded H was 
expelled. 
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Breaking- 
| strain. 


Mean error | 
in breaking- | Elongation. | 
strain. 


j 


| 
| Number of 
| 
| Sn eee experiments 
. | for eaeh 
| os | 
elongation. | result given. 





per cent. 
me > ia 


Annealed mild steel contain- 4 
in 

Ampicled mild steel, H par- 
tially expelled by heat. 

Bright mild steel before im- } 
mersion in H Cl 

Bright mild steel sees HF d| 
H 


104.77 
104.03 


100 


Bright mild steel H partially (| 
expelled by heating twelve 


Bright mild steel, H com- ! 
pletely expelled by heating } | 


| 114.29 
yy errr ) 


+ 3.81 
+10.1 
+ 9.2 


108.68 | + 


per cent. 
20.1 
15.4 


per cent. 
5.08 +0.61 


+1.2 


1.66 
2.8 


1.5 2.16 


+ 8.4 





These experiments show: 


ist. That the tensile strain of steel is 
diminished by the occlusion of hydrogen, 
and that as the hydrogen is expelled 
(a process of long duration) the tensile 
strain rises, till eventually it exceeds 
the original strain before immersion in 
acid. 

2d. A most unexpected change in the 


|ever, rises, 





falls’ remarkably, as much as 4.7 per 
cent. in annealed and 0.64 per cent. in 
bright steel. When the hydrogen is 
completely expelled, the elasticity, how- 
being then greater than 
before immersion in acid. 


The following experiments on hard- 
ened and tempered cast-steel wire con- 
taining about three times as much 


elasticity of steel, the elasticity of the| carbon as the mild steel, show an extra- 


wire being considerably increased by 
the occlusion of hydrogen; but when a) 
portion of this hydrogen is expelled by 
heat, 


ordinary diminution of the tensile strain 
| when containimg occluded hydrogen; 
this, however, is regained .or even sur- 


the elasticity, as measured by | passed when the hydrogen is expelled 


elongation at the moment of fracture, | by heat. 





Breaking- 
strain. 


Mean error | 
in breaking- | 


| 
Number of 


| 
y ean error - 
I | experiments 


Elongation. | for each 


| result given. 








ee before immersion in) 


100 


sue la expelled by heating 


ays to from 100° to 122.53 


100.27 


Steel after immersion in H* } 100 


80* 1 hour 
Steel heated 24 hours to 
100°-200°, to expel H t 








! 
strain. | ‘ 
| 


per cent, 
+2.7 


+4.9 
+6.09 


+1.28 
+2.19 
+2.9 


per cent. 
2.16 


1.916 


per cent. 
+0.27 


+0.416 
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The change produced by occluded hy- 
drogen must have an important influence 
on the stability of all iron and steel 
structures; for as the rusting of iron is 
mainly attributable to the action of the 
carbonic acid*in the air, it is probable 
that the hydrogen liberated when the 
acid attacks the metal is occluded by 
the iron or steel, with consequent dimin- 
ution of tensile strength and elasticity. 
In some cases, where rust has spread 
very rapidly, the writer has noticed a 
decided diminution of toughness; but, 
as a rule, it is difficult to detect any 
change, as probably the hydrogen is 
present in very small quantity; also 
when it has reached a certain per centage 
its tendency to escape from the metal 
will balance the force of occlusion. 


Electric Conductivity. 


Several experiments have been made 
to ascertain if there is any alteration in 





the electric conductivity of iron wire 
when containing hydrogen. 

Professor Stewart kindly allowed me 
the use of the Owens College apparatus, 
with which some of the following results 
were obtained: 


Resistance of 6 feet bright charcoal-iron 


100 


Resistance of 6 feet bright charcoal-iron 
wire after 5 hours in dilute H*?SO*= 
107.14, or, allowing for iron eaten 
away by acid 

Resistance of 6 feet bright charcoal-iron 
wire after 5 hours in dilute H Cl= 
114.3, or allowing for iron eaten 
away by acid 


The wires were somewhat eaten away 
by the acid, so allowgnce had to be 
made for the increased resistance due to 
decreased sectional area; this is made in 





the column to the right. 

About 50 feet of hard bright iron| 
wire, after 24 hours immersion in dilute | 
sulphuric acid, gave a resistance of 2.94 


ohms, and 2.92 ohms after the occluded | 
hydrogen had been expelled by heat. | 


The above results, though far from 
uniform, are sufficient to show that there 
is an increase in the resistance of iron 
wire when it contains occluded hydro- 
gen. I hope soon to make further exper- 
iments on this subject. It is worthy of 
remark that Professor Graham found 
the resistance of palladium containing 
occluded hydrogen was increased about 
25 per cent. He also discovered that a 
palladium wire first elongated when 
charged with pga and then con- 
tracted when the hydrogen was with- 
drawn to less than its original length. 
The writer has detected a very small 
and similar change in the length of 
annealed iron wire under like condition, 
but has not yet observed in it bright 
iron wire, though he does not despair of 
doing so. 


Diffusion of Hydrogen. 


A number of experiments were made 
by allowing one-half of a piece of bright 
iron or steel wire to be acted on by 
dilute acid, and thus to occlude hydro- 
gen while the other half was protected 
from this action, with a view of ascer- 
taining if the occluded hydrogen could 
spread along the interior of the iron. 
Great difference was observed in the 
behavior of iron and steel; the fibrous 
structure of iron wire allows the hydro- 
gen occluded in the part acted on by 
acid to spread into the other part, 
distinct traces of hydrogen being ob- 
served 17 centims. from the part affected 
by acid. The close unfibrous structure 
of steel, on the contrary, seems to oppose 
this altogether, it being questionable if 
the hydrogen spreads 2 to 3 centims. 
beyond the part immersed in acid. 

Vhen that part of the iron wire which 
was protected from but still affected by 
the acid was broken and the fracture 
moistened, the bubbles of gas arose 
almost exclusively from the centre of 
the fracture, while from the part im- 
mersed in acid they arose equally from 
the whole surface, and took less time to 
attain their maximum. 
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HEAVY ARILLERY. 


From “ Engineering.” 


Aut those interested in the improve- 
ment and perfection of our heavy guns 
—and upon their superiority over those 
of other nations, the military and naval 
power of England, almost wholly de- 
pends—will have read the report of the 
debate on the Woolwich system of rifling 
ordnance, which took place in the House 
of Commons. Captain Price, Captain 
Nolan, and Lord Elcho did good service | 
in calling attention to the unsatisfactory | 
practice that rules at Woolwich, and the | 
efforts made by Lord Eustace Cecil and 
Mr. Hardy to defend the existing system 
failed entirely in their purpose. We 
hope and believe that the time is at 
hand, if it be not already come, when 
the barriers erected by official routine | 
and prejudice shall be broken down, and 
the all-important questions of rifling and 
muzzle v. breechloading shall be recon- 
sidered by the light of recent experience. 
If this be done fairly and thoroughly we | 
believe that the Woolwich rifling, and 





all its grave errors, shall be swept away, 
and muzzle give place to breechloading, | 
at all events for heavy guns, 

It will be useful to investigate the 
reasons which induce us to advance this 


thoroughly studied and worked out than 
any other, and through a wider range of 
calibres, which is actually in the service 
of the muzzle-loading 64-pounder guns, 
and to which so many of our large 
experimental guns of large calibre—the 
600-pounder, the 300-pounder, the 9.22 
in., or 220-pounder—are conformed. To 
throw away the experience gained with 
these guns, and the expense incurred in 
the preparation of patterns and means 
of manufacture, without good cause, 


_would be to postpone unnecessarily the 
‘adoption of a fixed system, and plunge 


anew into tedious and costly experiments 
on a mere hypothesis of improvements.” 
Not long after this report the shunt 
system was abandoned for the larger 
calibres, but tedious and costly experi- 
ments were continued, and in 1870 it 
was finally given up for the lighter 
guns. 

The number of grooves in the so-called 
Woolwich system varies from 4 to 9, 
with an increasing twist varying from 
nothing, or 1 in 100 to 1 in 35 or 40, 


|and the projectiles as is well known are 


formed with circular recesses at suitable 
intervals, into which gun-metal studs 


opinion, so entirely in opposition to the| are forced, these studs bearing against 
conclusions arrived at long ago by Select | the grooves which thus gives rotation to 


Committees, pertinaciously defended | the projectile. As the latter lies in the 
from all attacks by the War Office, and| gun before being discharged, it is obvi- 
carried out without deviation at Wool-| ous that it must be out of centre, that 
wich. is, that the axis of the shot is below the 

And first as regards the present system | axis of the gun, so that nearly all the 
of rifling. This was adopted at a time|windage is at the top, while the pro- 
when there was very little experience on | jectile itself bears upon two points only 
the subject, and nearly all that was|where the studs rest upon the groove. 
really valuable had been derived from | This position of the shot with reference 
the practice obtained with the various to the bore of the gun renders it liable, 
experimental systems of Sir William|when the force of the powder gases 
Armstrong, and all of which were suc-| exert themselves, to assume an oblique 
cessively abandoned. Even so late as| direction, and throw an undue strain 
1865, the shunt system, which has proved upon the grooves, which makes itself 
totally unsatisfactory for heavy guns,|evident in distorted and sheared studs, 


was warmly commended in a report by | 
a special committee in the following | 
terms: “If the so-called French system 
should fail in larger calibres than 9 in., 
the natural course would be to fall back | 
on Sir William Armstrong’s, which holds | 
the second place; which has been more | 


and later in scored and broken A tubes, 
while, of course, the whole of the work 
required to produce this destruction, is 
taken out of the useful work of the 
powder. To this cause must be assigned 
the great irregularities in the powder 
pressures ranging from 20 to 44 tons, 
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which are from time to time recorded, | 


and to account for which many inge- 


nious theories were devised by the parti- | 


sans of the system. In addition to the 
injurious effect produced by the studs 
upon the grooves, the studs themselves 
are an inherent source of weakness to 
the projectile, and account for many of 
the not unfrequent cases of breaking of 
shot and shell in the gun itself. It is a 
hard matter to break up a Palliser shell 
with a sledge hammer, unless a stud is 
struck, when “it may be surprisingly 


easily divided into two by a blow on the | 


stud fixed on the present system. If 


shot are found split in store, the crack | 


generally runs through stud holes.” 
With regard to the increasing twist, the 
principal if not the only reason for its 
adoption, is that a considerable strain is 


thrown upon the gun if it is suddenly | 
called upon to rotate a heavy shot, with | 


the velocity due to the force of the explo- 
sion. This objection bears but little 
weight in fact, and what small reason 
there was in its favor has disappeared with 
the introduction of slow-burning powder. 
Varying twist in the service rifling 


involves the necessity of studs, and studs | 


involves the rapid destruction of the A 
tube, and the occasional breaking up of 
the projectile in the gun. So active are 
these causes of injury that the actual 
weights of projectiles and powder 


racteristics of the Woolwich rifling. As 
an illustration, we may refer to the Glat- 
ton-Hotspur experiments which were 
made some time ago, and in which sev- 
eral rounds from the 25-ton 600-pounder 
were fired by the Hotspur, against the 
turret of the Glatton, protected with 15 
in. armor and 14 in, backing. The range 
was only 200 yards, yet none of the seven 
shots fired struck the point for which the 
gun was laid ; thus the sixth which was 
the first effective shot, struck 18 in. be- 
low the bull’s-eye 

Now this defective practice was not 
| the fault of the gunners, but was simply 
an instance of the well-known “ inaccu- 
racy of flight observed in the 12-in, 25- 
ton gun at short ranges,” and this fact 
was pointed out by Captain Hood to the 
| War Office some years before the Glat- 
ton-Hotspur experiment. Even so long 
ago as 1864, before the final adoption of 
the French rifling, it was shown “that 
\this system has decidedly the lowest 
' velocities.” This was settled to the sat- 
isfaction of the select committee at the 
time, and it is marvelous how, in the 
face of such direct evidence, the present 
pernicious system has been maintained. 
'To quote one experiment of that time 
| will serve our purpose. Two 7$-in. guns 
| throwing 110-lb. shot, were fired under 
|precisely similar conditions. The shot 
|of one gun was rotated by means of 


charges used in the heavy calibres have | studs, taking a bearing of less than 1-in. 
been reduced and the utmost precautions|in each groove of an increasing twist, 
are used in firing guns for practice lest | while the other had a rib bearing 9.2 in. 
they should become irretrievably dam-| long for each groove of a uniform spiral. 
aged, as so many have been, yet with all | There were 133 comparative rounds fired 
the care that is taken the “cemetery of|from each gun, and the result showed 
suicides ” at Woolwich bears evidence to|an average of 59 feet increased initial 
the fatal defects of the French rifling. | velocity for the ribs as compared with 
And it is worth noticing that in almost the studs, and—at an elevation of 2 deg. 
every case, whether the damage done be | —as great a range with 20-lb. of powder 
ascribed to the bad steel of which the| for the former as with 25 lb. for the lat- 
tube is made,.to the ownership of the|ter. Now as the conditions of firing 
gun (as in the case of Major Palliser’s | were alike, it followed that the work due 
68-pounder converted gun), or to the|to the extra 5 lb. of powder had been 


breaking up of the shell, or to the fault 
in the fuse, or in fact to anything but 
the system, the connexion between cause 
and effect is never remote nor difficult to 
trace. But besides these drawbacks to 
the system, which we imagine no one 
will venture to deny, because they can- 
not be disproved, a lower initial velocity 
and less penetration, together with mark- 
ed inaccuracy of short ranges, are cha- 


absorbed, and examination showed that 
it had been divided between the project- 
ile and the gun, the studs on the former 
having been distorted and sheared, while 
the grooves in the latter in doing this 
had become seriously injured, and the 
gun was effectually destroyed in 567 
rounds. And the experience of the early 
history of Woolwich rifling is that of 
to-day, only with larger calibre and 
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heavier charges the causes of destruc- 
tion rapidly increased, far more rapidly 
than the improvement in material and 
construction has increased, and we have 
not in the service one gun of heavy 
calibre which can be relied upon, or 
which under the most favorable circum- 
stances can be expected to last without 
relining more than 375 rounds, while, the 
chances are that it may be disabled after 
the first few rounds. 

The assurance of Lord Eustace Cecil 
that the subject is hardly ripe for discus- 
sion in the House of Commons, or that 
of Mr. Hardy, that the official eye will 
be kept upon the matter, will scarcely 
satisfy the country. 

We come now to the second part of 
this important question—-muzzle v. breech- 
loading. We are the only muzzle-load- 
ing nation, for the United States has no 
artillery, only big guns. France and 
Germany, Russia, Austria, Italy, Turkey 
and Sweden, great powers and small, 
have adopted a breechloading ordnance. 

With the exception of France and 
Sweden, all the important Continental 
nations employ the same system—the 
Broadwell sliding block. France and 
Sweden with their cast-iron reinforced 


guns have preferred another and far less 
perfect method. So far as this countr 

is concerned, our experience has practi- 
cally been limited to the Armstrong ar- 
rangements, imperfect and complicated 
for small calibres, impracticable for large 
ones, and now definitely abandoned in 


the service. But it is idle to argue that 
because we have failed, and because 
powerful partisans of muzzle-loading 
have persistently declared themselves 
against breechloading, that the latter is 
inferior. The fact that all Continental 
nations have adopted it is a sufficient re- 
ply, for artillery officers and scientists 
abroad have applied themselves with as 
much earnestness to the solution of the 
problem and with less prejudice as has 
our own War Office. Among the chief 
advantages which breechloading posses- 
ses, as compared with muzzle-loading, 
are the perfect fitting of the projectile 
in the bore, the true centring of the shot, 
the quicker and more convenient serving 
of the gun, and the greater security to 
the gunners, and as the consequence of 
these advantages follows in combination 
with a suitable class of rifling with uni- 
Vor. XII.—No. 6—33 


form twist, far greater endurance of the 
gun, higher initial velocity of the pro- 
jectile, increased accuracy, and better 
powers of penetration. 

We have already in these columns 
described and illustrated the beautiful 
system perfected by Mr. Broadwell, but 
we may here briefly notice its principal 
features. 

In these guns the breech extends be- 
yond the shot and powder chamber, and 
a large slot is formed in it at right angles 
to the axis of the bore. In this slot slides 
a so-called cylindro - prismatic block, 
which can be withdrawn in order that 
the charge may be introduced into the 
chamber. Around the base of this 
chamber is a hemispherical socket, in 
which is placed a ring, the front edges 
of which are turned down thin, in oo 
that they may freely expand against the 
socket when the force of the explosion 
takes place. The back of the ring is 
flat, and has formed in it several small 
concentric grooves for the reception of 
dust and grains of unburnt powder which 
may accumulate. In the face of the 
breech block is a circular recess, the 
diameter of which corresponds with the 
outside diameter of the ring. In this re- 
cess is placed a steel plate, and against 
this the ring takes its bearing. The cy- 
lindro-prismatic block is moved to and 
fro by means of two screws. The first 
of these is a quick motion screw with 
|several threads upon it. This screw is 
|merely used for running the block easily 
in and out, and is dispensed with in all 
calibres less than 8 in. In these smaller 
natures handles are attached to the end 
of the block, which is moved by hand. 
The second screw is employed for jam- 
ming and locking the block, and it works 
into a large cylindrical nut let into a 
socket made in the broad end of the large 
block. A portion of the’ thread of this 
screw is cut away, so that as it is turned 
the thread may either engage or disen- 
gage with the breech of the gun, and 
the block is thus locked or unlocked. As 
the block is run home (and this can be 
done easily without the screws, and by 
one hand even in the 12-in. gun), the cir- 
cular plate and the back of the ring 
come into close contact, and from their 
form it is impossible that either can be 
displaced. It will be seen from this des- 
cription that there are only two pieces of 
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this sytem exposed to destructive action, 
the ring and plate, and these can if nec- 
essary be easily and ay replaced, 
and at a very small expense. Experience, 
however, has shown that such a contin- 
gency very rarely occurs, and both ring 
and plate as arule will last as long as 
the gun itself. 

Such is the device perfected by Mr. 
Broadwell, a device copied by Krupp in 
every detail, and adopted by him in every 
gun large and small which he manufac- 
tures, and which has withstood satisfac- 
torily every test, both in the field and 
the test ground. When Mr. Hardy 
stated the other evening in the House of 
Commons, that in the case of breech- 
loaders, accidents were constantly hap- 
pening from the breech being carelessly 
or hastily closed, and when Lord Eustace 
Cecil said that he had found, on inquiry, 
that from the year 1863 down to the 
present time serious accidents had oc- 
curred in the use of Krupp guns, each 
showed either an ignorance of actual 
fact or a desire to throw discredit on 
breechloading. It is quite true that for 
some years after 1863 serious accidents 
did happen with the Krupp gun, but 


these were with the old imperfect sys- 


tems then in use, the Wharendorff, 
Kreiner and Krupp, where papier maché 
cups were attached to the rear of the 
cartridges, and the whole device was 
crude. 

But since the existing European sys- 
tem of breechloading—that is to say, the 
cylindro-prismatic breech-block and ring 











of Broadwell—has been adopted, no ac- 
cidents arising from the mechanism are 
recorded, although Krupp guns have 
doubtless been destroyed and disabled 
through faulty material. For full par- 
ticulars of this question, as well as of 
the important part Mr. Broadwell has 
taken in giving to the world a thoroughly 
efficient breechloading gun, we refer our 
readers to the second part of the Re- 
ports upon the Vienna Universal Exhi- 
bition, pages 837 et seq. 

We may fairly claim to have the most 
perfect appliances for the manufacture 
of heavy guns in the world, we may 
claim also a high superiority in materials 
and workmanship, as well as in the form 
and distribution of those materials, but 
we must admit, and we believe that all 
but those determined to uphold, at any 
cost, a faulty system, rather than aban- 
don pet theories, will admit also, that 
our superior workmanship, material, and 
mode of construction are combined with 
serious if not fatal defects. 

Durability, accuracy, and power of 
penetration are the essential qualities of 
heavy ordnance, and these we can never 
obtain, while a large percentage of the 
powder charges are employed in destroy- 
ing both gun and projectile, when the 
bearing of the latter in the grooves is 
quite insignificant, and its position with 
relation to the bore, encourages or rather 
enforces the “oblique movement of the 
axis,” imparted to it when it is put in 
motion, and which it carries with it in 
its flight. 





STEEL BRONZE. 


From “The Engineer.” 


Austria is dissatisfied with her field 
guns. For some time, and especially 
since the Franco-German war, the Aus- 


| compressed when in a fluid state, and 
| which was found greatly superior to the 
‘bronze in use in Austria. 


About the 


trian authorities have been engaged in|same time M. Lavessiére, of Paris, ex- 
experiments and trials for the improve- | hibited at Vienna bronze and bronze guns 
ments of their artillery, and many par-|of the same quality. These circumstances 
tial accounts of their work have reached | led Colonel Uchatius, director of the ar- 
our ears. The idea of compressing steel | senal at Vienna, whose name is attached 
when in a state of fusion, conceived and | to a peculiarly fine and tenacious kind of 
carried out by Sir Joseph Whitworth, led| steel made in Sweden, to take up the 
to many experiments in the same direc- subject in an exhaustive manner, and the 
tion ; and about two years ago the Arch-| results are now before us. 

duke Guillaume, Director-General of the! Colonel Uchatius found that with an 
Austrian artillery, brought from Russia |alloy of 90 per cent. copper and 10 per 
a specimen of bronze which had been/cent. of tin, and a pressure of about 
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eighty tons, he could produce bronze 
equal in hardness to the Russian speci- 
men. <A cast iron mould 0.26 metre in 
diameter and 0.70 metre high, was thus 
filled with liquid bronze, which solidified 
in five minutes, and contracted so power- 
fully in the direction of the axis that the 
only part of the ingot which could be 
considered as sound was that which filled 
the lower part of the mould tothe height 
of about 0.18 metre. In breaking this 
cylindrical mass the outer portion was 
found to be of a crystalline texture, of 
golden color, gradually changing to a 
dense grey mass in the centre. But 


they were subjected to a force which ex- 
ceeded the limit of the elasticity, a fact 
which Colonel Uchatius considers of con- 
siderable importance in metallurgical in- 
dustry. Thus bronze cast in an open 
ye rical mould attains the limit of its 
elasticity under a force of 400 kilogram- 
mes, which corresponds with an elonga- 
tion of the original length by about 
totov parts, whereas if it be subjected to 
| a tensile force which lengthens it perma- 
nently rvs, the limit of its elasticity is 
raised to 1,600 kilogrammes, with an el- 
astic increase of rvéso of the primitive 
|length. Colonel Uchatius thus sets down 





bronze thus cast was still wanting in the| the conditions which are to be realized 
qualities required for guns. The metal|in the manufacture of bronze cannon : 
was very tenacious, and the cannon rare- | The effect of the explosion of the powder 
ly burst, but the elasticity of such metal | in the breech of the arm should be count- 
is not much greater than that of ordinary | eracted by a mechanical compression of 
bronze, and it is not hard enough to rifle; the metal of the interior to a degree 
the copper bands of projectiles. Colonel| greater than that caused by the explo- 
Uchatius then tried the experiment of| sion of the charge ; the metal employed 
cold rolling bronze cast in an ingot, and| for the interior of cannon should there- 
succeeded in increasing its power of re-| fore be submitted to a treatment analo- 


sistance, elasticity, and hardness. He 
found that the metal could be rolled out 
to double its original length without the 
slightest trace of cracking, and that when 
elongated only 20 per cent. the bronze 
acquired the hardness, the elasticity, and 
the resistance of steel. Experiments al- 
so proved that the elasticity of all tena- 
cious substances increased rapidly when 


|gous to rolling, which at the same time 
| will give the metal the desired degree of 
hardness. The questions remain : Which 
|is the best kind of bronze? and, can a 
|metal be obtained which is perfectly 
homogeneous in quality from the circum- 
ference to the centre? 

To settle this point seven alloys were 


tried. 





Number. Tin. 


Copper. | . 





12 per cent. 
“ce 





88 per cent. 
90 “ec 


2 per cent. 
1 “e 


4 “cc 





The last is the alloy used by M. Laves- 
siére. Two small bars were cut out of 
each ingot, and were rolled until they had 
acquired the hardness of steel. No. 1, 
however, would not roll. Nos. 2, 3 and 
4 rolled well; the zinc in the three last 
examples was found of no appreciable 
utility. Nos. 2,3 and 4 were subjected 
to strains of 5,066, 5,200 and 5,460 kilo- 
grammes respectively. The limits of 
their elasticity were found to range from 


11,700 to 1,300 kilogrammes, and the per- 
|manent elongation to arrive at the de- 
'sired hardness was in the case of No. 2, 
{ 20 ; in that of No. 3, 30; and of No. 4, 
50 per cent. 
he only mode apparent for producing 
homogeneousness throughout the ingot 
was to cool at once the inside and the 
‘out, by the adoption of a double mould. 
_A bronze tube was therefore introduced 
|into the mould, and a stream of water 





516 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





kept up through the tube during the 
running. The whole mass was found to 
be crystalline, but there were flaws in 
concentric circles around the core. Air 
was tried instead of water, but in that 
case the bronze tube melted ; solid cores 
in bronze, copper and cast iron were 
tried, and a solid forged copper core 0.05 
metre in diameter gave satisfactory re- 
sults. The bronze cylinders thus ob- 
tained were 0.62 metre in diameter, and 
0.30 metre long; they were turned down 
to 0.18 metre outside, and the interior 
bored out to 0.08 metre. The cylinder 
was then opened by means of conical 
steel drifts and a hydraulic press; six 
drifts were employed, the first being 0.002 
metre larger in diameter than the interior 
of the bronze cylinder, and the last only 
0.0005 metre larger than the fifth, so that 
the cylinder was enlarged 2 per cent.; 
the interior was then excessively hard 
and polished, and was ready for rifling. 
A pecular advantage claimed for this 
mode of compression is that if the metal 
were not sound the fault would imme- 
diately appear ; and it is remarked that 
after the last drift has been withdrawn 
the bronze cylinder contracts again to 
the extent of rvs, which proves that the 
different parts had undergone compres- 
sion equal, according to calculation, to a 
central radial pressure’ of 2,400 atmos- 
pheres. The alloy No. 3, containing 8 
per cent. of tin, was found, after many 
trials to be the best, and the most econ- 
omical. The qualities of these bronze 
guns are summed up in the following 
terms : 

The cannon produced in the man- 
mer described are declared to possess 
all the hardness, homogeneousness, and 
resistance of steel tubes. The quality of 





guns. The elasticity of which the direc- 
tion is opposed to that of the explosive 
force of the charge, acts in a continuous 
manner from the exterior surface of these 
bronze guns to the ‘interior; but the 
neutral axis, where the interior and ex- 
terior forces are in equilibrium, is very 
near to the inner surface. For such a 
gun to burst the elasticity of the whole 
mass must be overcome simultaneously, 
and the great tenacity of the external 
part, which will bear an extension of 70 
per cent. without rupture, is opposed to 
the action of the explosive force. In the 
guns formed with rings sunk on the neu- 
tral axis lies between the central tube 
and the strengthening rings, the conse- 
quence of which is that the latter have 
to support the whole force of the explo- 
sion. With respect to the wear of the 
interior surface of the chambers of the 
guns, Colonel Uchatius says that chemi- 
cal action plays no part in it, and that it 
is due merely to the violent projection of 
the grains of powder which act like sand 
upon the metal, and that the effect is 
always most apparent where the metal is 
the hardest, which explains the necessity 
of placing a copper tube in the touch- 
hole. The compressed bronze is not 
more liable to wear than steel. This 
bronze is much less affected by atmos- 
pheric agency than steel. The cost of 
bronze guns is much less than that of 
steel, if the value of the old metal be 
taken into account. 

Finally, the new bronze is declared to 
surpass all materials yet applied to the 
production of guns, and if the trials 
which ‘are about to be made with a large 
number of field pieces should corroborate 
the experiments made on a small scale, 
the production of steel guns will be 


the bronze varies from the exterior to|abandoned. One of these new bronze 
the interior of the piece in proportion to| guns has borne several hundred dis- 
the force to be resisted ; the hardness, | charges, with the ordinary charge, suc- 
elasticity, and solidity diminishing from | cessively, without the slightest deformity 


the interior to the outside, and all these 
qualities are more developed than in steel 


| 


or injury being apparent in any part of 
the piece. 
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EUROPEAN LIGHTHOUSES.* 
From “Engineering.” 


As arule United States Government|paratus and the management of light- 
reports belong to one of the two extreme | house systems.” 
classes, they are prepared either ex-| 
tremely well or extremely ill. Unlike} Major Elliott left New York in the 
our own Official reports they lack the | steamship Cuba, in April, 1873, and he 
sameness of appearance imparted by the | prefaces his report with various items of 
blue uniform which has given to this | information obtained from the comman- 
class of literature in our country its gen-| der of that ship upon the relative effi- 
eric name. The extent, completeness, | ciency of the lights and systems on the 
value, and elegance of the American offi-| American and European coasts. From 
cial report, depends, to a large extent,|this it appears that the English and 


— the judgment, capacity, and taste 
of its author, these being subject, it need 
scarcely be said, to the sum of money 
placed at his disposal for the purpose. 

The report we take up for review on 
this occasion belongs, we are glad to say, 
to the former of the two extremes men- 
tioned above ; its subject is a rich one, 
and Major Elliott has made the most of 
the tings he possessed in its pre- 
paration. e regret to notice on the 
title page that only one thousand copies 
were printed, these being for the use of 
the Treasury Department, so that unless 
it be republished, in unofficial form, its 
value must be greatly reduced by its 
scarcity. For this reason, therefore, we 
propose to review the work with some 
fullness, and with the care it merits. 

The object of the work is clearly ex- 
— in the following extract from the 

eport of the Lighthouse Board to the 
Secretary of the Treasury for the fiscal 
year ending June 30th, 1873: 


“The Lighthouse Board during the 
past year, desirous of acquainting it- 
self minutely with any improvements 
which of late years may have been 
introduced into the lighthouse services 
in Europe, obtained the sanction of the 
Honorable the Secretary of the Treasury 
to commission Major Elliott of the corps 
of engineers of the army, and engineer 
secretary of the Board, to visit Europe 
and report upon everything, which he 
might observe relative to lighthouse ap- 





* Report of a Tour of Inspection of European Light- 
houses, made in 1873 by Major George Elliott, Member 
and eer rey | of the oy Board, under 
the authority of the Honorable William A. Richardson, 

of the Treasury, Washington. Shortly to be 
published by D. Van Nostrand. 


| American lights are about equal in bril- 
| lianey, but that the French ones are su- 
|perior to either. Both English and 
| French electric lights have a far greater 
| power of penetrating fog than the com- 
}mon oil lights. The American fog sig- 
| nals are deserving of high commendation, 
| especially the steam whistle at Cape Ann 
_and the siren at Sandy Hook, which may 
be confidently relied upon at six or eight 
miles distant. Upon arriving in Eng- 
land, Major Elliott was received at the 
Trinity House, and arrangements were 
made to give him every facility for pur- 
suing his investigations, and obtaining 
all the information he desired. It was 
just at this time that the series of ex- 
haustive experiments upon the transmis- 
sion of sound signals was about to be 
commenced by the Trinity House, under 
the supervision of Professor Tyndall, 
and the author devotes considerable 
space to the description of these interest- 
ing and valuable trials, indeed he repro- 
duces Professor Tyndall’s final report to 
the Trinity House upon the subject. In 
the course of these experiments two sets 
of signals were used, one placed on the 
summit of the cliff near the engine- 
house belonging to the light station, and 
275 feet above the sea; the other near 
the foot of the cliff, at a height of 40 
feet above the sea. Three classes of in- 
struments were used — steam-whistles, 
air- whistles and fog-trumpets. The 
trumpets and air-whistles were connected 
with air chambers, supplied by the en- 
gine pump. The steam whistles were 
supplied from a 20 horse-power boiler 
(not engine, we presume, as Major El- 
liott says). These whistles were 12 in. 
in diameter, and 14 in. high, the space 
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between the lip and the disc being 174 
in. The air-whistles were 6 in. diameter, 
and 94 in. high, with 14 in. between the 
lips and discs. A pressure of 64 lbs. was 
used for the steam-whistles, and 18 Ibs. 
for the air-whistles, behind which were 
placed reflectors 12 ft. by 15 ft. slightly 
curved. The facts it was desired to de- 
termine were chiefly : 1. The best height 


very good drawings, and a detailed des- 
cription of the Alliance apparatus. The 
illuminating agent in the lamp at the 
South Foreland consists of two pieces of 
carbon, 10 in. long by @ in. square. They 
are made of coke dust, and their rate of 
consumption is 34 in. per night for each 
lamp, and the cost is one penny per inch. 
The power of the beams thus produced 


and condensed, is equal to 180,000 can- 
dles for each lamp. 

Major Elliott next visited the Trinity 
House depot at Blackwall, and describes 
with much minuteness the organization 


above the sea level for signals; 2. The 
comparative values of air and steam for 
signaling purposes; 3. Whether the 
whistle or horn is the most efficient ; 4. 
The most effective pressures; 5. The 
relative advantages of long and short} and apparatus of that establishment, and 
blasts ; 6. The most efficient notes ; 7.) this part of his report is of high interest. 
The relative ranges of the horn in the| Traveling round the coast, the reporter 
direction of its axis, and at 45 deg. and | inspected, and describes and illustrates 
90 deg. respectively from the direction|the lighthouses at the mouth of the 
of its axis ; 8. Whether the horn is used | Thames, at Yarmouth, Haisborough, the 
with maximum efficiency by always keep-| Humber, Flamborough Head, Whitby, 
ing it pointed to windward, by using| South Point, Coquet Island, the mouth 
more than one horn and distributing the | of the Tweed. Coming back then to the 
sound over the phonic arc, or by rotat-| south, he continued his work of inspec- 
ing one horn ; 9. Whether reflectors are|tion of the different lighthouses along 
of value, and if so, to determine the best | the southern coast—St. Catherine’s, Port- 
form; 10. What is the horse power re-|land Hill, The Start, Eddystone, Ply- 
quired to give the most efficient signal | mouth, the Lizard, the Wolf, &c., and in 


for the steam as well as the air-whistles, | each case he notes the salient points and 





through fog and against wind of a given | distinguishing features of each, whether 


force ; 11. How the propagation of the| of construction, lighting, or manage- 
sound is affected by different atmos-;ment. In the same way Major Elliott 
pheric conditions. How this programme | deals with the lights around the Irish 
was carried out is amply recorded in the | coast. 
report addressed by Professor Tyndall} Passing over to France, Major Elliott 
to the Trinity House. arrived in Paris, and visited the Light- 
After taking part in the preliminary | house Board of France. This board is 
experiments just referred to, Major El-| composed of four engineers, two naval 
liott proceeded to examine the South | officers, one member of the Institute, one 
Foreland electric lights. These lights|inspector-general of marine engineers, 
are placed about 1,000 ft. apart, one be-| and one hydrographer. Here he had an 
ing 372 ft., and the other 275 ft. above| opportunity of comparing the depot 
the sea. The electric current for pro-| with its contents, organization and man- 
ducing these lights is generated by four | agement, with that of England. 
Alliance magneto-electric machines, each| In a similar manner also he visited and 
machine being composed of 96 helices, | carefully inspected the principal French 
mounted upon six gun-metal wheels, lights, recording the various systems in 
each having 16 helices. Between these | use, and dwelling at considerable length 
wheels are placed the magnets, eight in| upon the successful results with which 
each division, 40 of them being com-| mineral oil has been introduced for il- 
posed of six plates rivetted together, and |luminating purposes. Did space permit, 
16 of them having three plates. These| we would gladly follow Major Elliott 
magnates are fixed, while the helices are | through his careful examinations. We 
driven with a speed of 400 revolutions|must content ourselves, however, by 
per minute. The total lifting power of | briefly noticing the conclusions at which 
the magnet is 5,184 lbs., and the engine| he arrived, after his tour of inspection 
required to drive the machine is of six| was completed. 
horse power. Major Elliott gives some' According to the author, the marked 
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superiority of English and French lights 
over American is clearly established. 
The latter have but a fixed illuminating 
power for all weathers, equal to 210 
candles, whilst the English oil lamps can 
be increased from a minimum of 342 to 
722 candles. 


He points out the advantages that 
result from the use of mineral as com- 
pared with vegetable or animal oil, that 
while the cost is a little more than one- 
third, it is more cleanly and regular, the 
lamps burning require to be trimmed 
less often, and therefore the brilliancy of 
the light is less dependent upon the 
watchfulness of the keeper. 


He compares the organization and 
system of control in England and France 
with that of the United States, and indi- 
cates several ways in which by imitating 
the former, greater efficiency and econ- 
omy could be secured for the latter He 
dwells upon the advisability of introduc- 
ing the electric light into some of the 
more important light-houses in the 





United States, and instances the South 


Point light, which throws its concen- 
trated beams over the North Sea with a 
power equal to 800,000 candles. He 
refers to the valuable facts established 
by Professor Tyndall for fixing the rela- 
tive areas of the red and white panels of 
revolving lights, so that each color may 
be seen at equal distances—the ratio 
being as 21 to 9—and recommends that 
these proportions should be used in the 
United States, instead of panels of the 
same size. With several recommenda- 
tions of minor importance, Major Elliott 
concludes a report full of valuable infor- 
mation to the Light-house Board, of 
which he is the engineer secretary, and 
at the same time full of interest to us, 
not only because he has indicated the 
exact conditions of light-houses and 
illumination in the United States, but 
because he has collected so large a mass 
of information about our own systems 
and lights. We can only repeat our 
regret that so small an edition of this 
admirably prepared and illustrated re- 
port has been printed, and that it is not 
offered for sale to the public. 





ON THE DISSIPATION OF ENERGY. 


By Lorp RAYLEIGH, M.A. F.R.S. M.B.1. 
Proceedings of the Royal Institution. 


Tue second law of thermodynamics, 
and the theory of dissipation founded 
upon it, has been for some years a favor- 
ite subject with mathematical physicists, 
but has not hitherto received full recog- 
nition from engineers and chemists, nor 
from the scientific public. And yet the 
question under what circumstances it is 
possible to obtain work from heat is of 
the first importance. Merely to know 
that when work is done by means of 
heat, a so-called equivalent of heat dis- 
appears is a very small part of what it | 
concerns us to recognize. 

A heat engine is an apparatus capable 
of doing work by means of heat supplied | 
to it at a high temperature and ab- 
stracted at a lower, and thermodynamics 
shows that the fraction of the heat sup- | 
plied capable of conversion into work | 
depends on the limits of temperature | 
between which the machine operates. ' 


A non-condensing steam engine is not, 
properly speaking, a heat engine at all, 
inasmuch as it requires to be supplied 
with water as well as heat, but it may 
be treated correctly as a heat engine 
giving up heat at 212° Fahr. This is the 
lowest point of temperature. The higher 
is that at which the water boils in the 
boiler, perhaps 360° Fahr. The range 
of temperature available in a non-con- 
densing steam engine is therefore small 
at best, and the importance of working 
at a high pressure is very apparent. In 
a condensing engine the heat may be 
delivered up at 80° Fahr. 

It is a radical defect in the steam 
engine that the range of temperature 
between the furnace and the boiler is 
not utilized, and it is impossible to raise 
the temperature in the boiler to any 
great extent, in consequence of the tre- 
mendous pressure that would then be 
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developed. There seems no escape from 
this difficulty but in the use of some 
other fluid, such as a hydrocarbon oil, of 
much higher boiling point. The engine 
would then consist of two parts—an oil 
engine taking in heat at.a high tem- 
perature, and doing work by means of 
the fall of heat down to the point at 
which a steam engine becomes available, 
and secondly a steam engine receiving 
the heat given out by the oil engine and 
working down to the ordinary atmos- 
pheric temperature. 

Heat engines may be worked back- 
wards, so as by means of work to raise 
heat from a colder to a hotter body. 
This is the principle of the air or ether 
freezing machines now coming into ex- 
tensive use. In this application a small 
quantity of work goes a long way, as the 
range of temperature through which the 
heat has to be raised is but small. 

If the work required for the freezing 
machine is obtained from a steam engine, 
the final result of the operation is that a 
fall of heat in the prime mover is made 
to produce a rise of heat in the freezing 
machine, and the question arises whether 





this operation may be effected without 


the intervention of mechanical work. | 
The problem here: proposed is solved in | 
Carré’s freezing apparatus, described in| 
most of the text-books on heat. There) 
are two communicating vessels, A and 
B, which are used alternately as boiler 
and condenser. In the first part of the 
Operation aqueous ammonia is heated 
in A, until the gas is driven off and con- 
densed under considerable pressure in B, 
which is kept cool with water. Here 
we have a fall of heat, the absorption 
taking place at the high temperature 
and the emission at the lower. In the 
second part of the operation A is kept 
cool, and the water in it soon recovers 
its power of absorbing the ammonia gas, 
which rapidly distils over. The object 
to be cooled is placed in contact with B, 
and heat passes from the colder to the 
hotter body. Finally the apparatus is 
restored to its original condition, and 
therefore satisfies the definition of a heat 
engine. Mr. Carré has invented a con- 
tinuously working machine on this prin- 
ciple, which is said to be very efficient. 
Other freezing arrangements depend- 
ing on solution or chemical action may 





be brought under the same principle, if 


the circle of operations be made com- 
plete. 

When heat passes from a hotter to a 
colder body without producing work, or 
some equivalent effect such as raising 
other heat from.a colder to a hotter 
body, energy is said to be dissipated, 
and an opportunity of doing work has 
been lost never to return. If on the 
other hand the fall of heat is fully util- 
ized, there is no dissipation, as the origi- 
nal condition of things might be restored 
at pleasure; but in practice the full 
amount of work can never be obtained, 
in consequence of friction and the other 
imperfections of our machines. 

The prevention of unnecessary dissi- 
pation is the guide to the economy of 
fuel in industrial operations. Of this a 
good example is afforded by the regen- 
erating furnaces of Mr. Siemens, in 
which the burnt gases are passed 
through a passage stacked with fire- 
bricks, and are not allowed to escape 
until their temperature is reduced to a 
very moderate point. After a time the 
products of combustion are passed into 
another passage, and the unburnt gaseous 
fuel and air are introduced through that 
which has previously been heated. The 
efficiency of the arrangement depends in 

reat degree on the fact that the cold 
Fuel is brought first into contact with 
the colder parts of the flue, and does 
not take heat from the hotter parts until 
it has itself become hot. In this way 
the fall of heat is never great, and there 
is comparatively little dissipation. 

The principal difficulty in economy of 
fuel arises from the fact that the whole 
fall of heat from the temperature of the 
furnace is seldom available for one pur- 
pose. Thus in the iron smelting furnaces 
heat below the temperature of melting 
iron is absolutely useless. But when 
the spent gases are used for raising 
steam, the same heat is used over again 
at another part of its fall. There is no 
reason why this process should not be 
carried further. All the heat discharged 
from non-condensing steam engines, 
which is more than nine-tenths of the 
whole, might be used for warming or 
drying, or other operations in which 
on — temperature heat is necessary. 

e chemical bearings of the theory 
of dissipation are very important, but 
have not hitherto received much atten- 





ON THE DISSIPATION OF ENERGY. 


521 





tion. A chemical transformation is im- 
possible, if its occurrence would involve 
the opposite of dissipation (for which 
there is no convenient word); but it is 
not true, on the other hand, that a trans- 
formation which would involve dissipa- 
tion must necessarily take place. Other- 
wise the existence of explosives like 
gunpowder would be impossible. It is 
often stated that the development of 
heat is the criterion of the possibility of 
a proposed transformation, though ex- 
ceptions to this rule are extremely well 
known. It is sufficient to mention 
the solution of a salt in water. This 
operation involves dissipation, or it 
would not occur, and it is not diffi- 
cult to see how work might have 
been obtained in the process. The 
water may be placed under a piston in a 
cylinder maintained at a rigorously con- 
stant temperature, and the piston slowly 
raised until all the water is evaporated, 


and its tension reduced to the point at, 


which the salt would begin to absorb it 
at the temperature in question. After 
the salt and vapor are in contact the 
piston is made to descend until the solu- 
tion is effected. In this process work is 
gained, since the pressure under the 
piston during the expansion is greater 
than at the corresponding stage of the 
contraction. If the salt is dissolved in 
the ordinary way energy is dissipated, 
an opportunity of doing work at the 
expense of low temperature heat has 
been missed and will not return. 

The difficulty in applying thermody- 
namical principles to chemistry arises 
from the fact that chemical transforma- 
tions cannot generally be supposed to 
take place in a reversible manner, even 
although unlimited time be allowed. 
Some progress has, however, recently 
been made, and the experiments of 
Debray on the influence of pressure on 
the evolution of carbonic anhydride 
from chalk throw considerable light on 
the matter. By properly accommodat- 
ing the pressure and temperature, the 
constituents of chalk may be separated 
or recompounded without dissipation, or 


rather dissipation may theoretically be 
reduced without limit by making the 
operation slowly enough. 

The possibility of chemical action must 
often depend on the density of the react- 
ing substances. A mixture of oxygen and 
hydrogen in the proper proportions may 
be exploded by an electric spark at the 
atmospheric pressure, and energy will 
be dissipated. In this operation the 
spark itself need not be considered, as a 
given spark is capable of exploding any 
quantity of gas. Suppose, now, that 
previously to explosion the gas is ex- 
panded at constant temperature, and 
then after explosion brought back to 
the former volume. Since in the com- 
bination there is a condensation to two- 
thirds, the pressure required to compress 
the aqueous vapor is less than that 
exercised at the same volume by the 
uncombined gases, and accordingly work 
is gained on the whole. Hence the ex- 
plosion in the expanded state involves 
less dissipation than in the condensed 
state, and the amount of the difference 
may be increased without limit by car- 
rying the expansion far enough. It 
follows that beyond a certain point of 
rarity the explosion cannot be made, as 
it could not then involve any dissipa- 
tion. But although the tendency to 
combine diminishes as the gas becomes 
rarer, the heat developed during the 
eombination remains approximately con- 
stant. 

It must be remembered that the heat 
of combination is generally developed at 
a high temperature, and that therefore 
work may be done during the cooling of 
the products of combustion. If, there- 
fore, it is a necessity of the case that 
the act of combustion should take place 
,at a high temperature, the possibility of 
explosion will cease at an earlier point 
of rarefaction than would otherwise have 
| been the case. 
| It may probably be found that many 
‘mixtures which show no tendency to 





}explode under ordinary conditions will 
| become explosive when sufficiently con- 


densed. 
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THE RAILWAYS AND RAIL TRADE OF THE FUTURE. 
From “The Engineer.” 


Ir would be both superfluous and 
supererogatory to insist upon the vast 
importance of this wide subject to the 
industrial interests of the United King- 
dom. To a great extent, indeed, it 
underlies all other considerations affect- 
ing our staple industry, and is synony- 
mous with the progress of civilization 
itself. The question of what is to be 
the future of the railway system has 
recently been exercising the minds of all 
kinds and conditions of men. There are 
not a few who profess to regard railway 


development as having reached a dead- | 
lock, and who, therefore, promulgate | 


alarmist theories about the industrial 


decay of Great Britain—the workshop | 
as well as the parent of the railway | 


system. Others, again, take a more 
optimist view of things, and with the 
“gay wisdom” for which Mr. Disraeli 


has panegyrized Sir Wilfrid Lawson, are | 


ever declaring that henceforth, as here- 
tofore, the progress of the world will be 
— with the development of 
t 


e railway system, and that, so far as| 


Britain’s industrial supremacy is con- 
cerned, to the extent that it is affected 
by the multiplication of railways, it will 
never 
of Asia and Africa have become as much 
interlaced with roads of iron as Europe 
and America. Collateral with this in- 


quiry there is another of scarcely less | 


importance to our industrial interests. 
Manufacturers of iron rails have within 


the last two or three years observed | 
with feelings of considerable trepidation | 


the growing preference for steel rails, 


and it has been more than hinted at that | 


the iron rail trade is doomed to go to 
the wall. We shall here, therefore, 
consider (1) to what extent will the 
development of the railway system take 
place in the future; and (2) how far 
will that development affect the enor- 
mous capital invested in the production 
of iron rails. ° 


At the end of 1873 the total length of | 
railways in Europe was 63,360 miles, | 


pale until the vast continents | 


cember of that year, 27,564 miles of 
|railway in the British Empire, 16,082 
of which were in the United Kingdom, 
'5,872 in India, 3,899 in Canada, and 
1,258 in Australia. In America the 
‘increase of railway mileage in prosper- 
jous years has exceeded 13,000 miles per 
‘annum; and, although there has been a 
| falling-off in the additions made to the 
irailway system of that country during 
'the last two years, American railway 
‘journals are confident that five years 
‘hence there will be 100,000 miles of 
railway in the Great Republic. In South 
America especially there is extraordinary 
‘scope for further development, and a 
number of very extensive additions are 
at the present moment under considera- 


ition. Only a few months ago Sir John 


Hawkshaw proceeded to Brazil to survey 
a line of coast extending about 5,000 
miles, beginning at Pernambuco, with 
the view of reporting upon eligible 
‘spots for the establishment of harbors 


and the construction of new railways. 
Peru now possesses, or will shortly pos- 
sess, twenty-two different lines of rail- 
‘way, or an aggregate of 2,030 miles, 
constructed at a total cost of about 
£36,000,000 sterling. One of the Peru- 
vian railways, now almost half finished— 
the line from Callao and Lima to Orogo 
—crosses the Andes at a height of 15,000 
feet above the level of the sea. The 
contract was recently let in this country 
for the construction of the Lima and 
Pisco Railway in Peru. This line is 
intended to connect the towns of Lima 
and Pisco with the shipping ports of 
Callao and Pisco on the Peruvian coast, 
and the Peruvian Government, besides 
making a concession of the land, have 
guaranteed £1,040,000 towards its con- 
struction. In addition, however, to the 
great trunk lines still to be completed in 
America, many connecting railways are 
‘under consideration. It is proposed to 
construct a line from Salt Lake City to 
Coalville, with the view of connecting 
the Union Pacific Railway with several 


and in the United States 70,650 mitesimportant coalfields; and another line, 


In his report for 1873, Captain Tyler 
showed that there were, on the 31st De- 


| 400 miles long, has been projected from 
Grand Haven, near Milwaukee, on Lake 
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Michigan, and Portsmouth on the Ohio | 
River. Of the many other American | 
schemes that have scarcely as yet passed | 
out of the region of speculation it is not | 
necessary to speak; but, in view of the | 
vast resources, agricultural and mineral, 
of the American continent, it is impossi- 
ble to assign bounds to the scope for 
further extension. 

On the continent of Europe many new 
railway schemes are either in progress 
or projected. At the end of March, 
1873, the total length of railways in 
operation in France was 11,1624 miles, 
and at the close of March, 1874, the cor- 
responding total had grown to 11,6014 
miles, so that during the twelve months 
new railways were opened in France to 
the extent of 439% miles. Had it not 
been for the impoverishment of the 
country, consequent upon the Franco. 
Prussian war, there can be no doubt 
that the railway system of France would 
have been much more rapidly developed; 
and after the State has to some extent 
got rid of the incubus of the indemnity, 
many railways which are now in abey- 
ance for lack of the necessary resources 
will be taken up. The Russian railway 


system covered in 1873 a total length of 
15,842 versts, of which 5,262 versts were | 


State-owned lines. There were 1,740 
versts more in course of conrtruction, 
and 2,343 versts projected but not begun. 
There are fifty railway companies in 
Russia, of which ten only have con- 
structed their lines altogether without 
Government assistance. The remaining 
forty are guaranteed—twenty to a par- 
tial extent, and twenty more to the full 
extent of their capital. This system of 
guarantee has a stimulating effect on 
projectors, but it is also to some extent 
neutralized by the fact that the charters 
granted to railway companies are for 
the most part terminable after seventy- 
five to eighty-five years. During the first 
half of 1874, 411 miles of new railway 
were opened in Germany, and 205 miles 
in Austria and Hungary. With the five 
milliards of French indemnity at their 
disposal, the Germans have recently ex- 
hibited an earnest determination to de- 
velop their resources; and although 
the resources of the Fatherland are lim- 
ited and inferior in comparison with 
other countries, there is much latent 
wealth susceptible of development by 


railway extension. The Servian Minister 
of Finance was recently negotiating 
with an English firm for a loan of 
60,000,000f. for the construction of the 
new railways in Servia, some of which are 


|to be proceeded with forthwith; and the 


Dutch Government propose to apply the 
surplus of about 14,000,000f1. shown by 
the Budget of the Dutch East Indies to 
the construction of railways in Java. 
Although Belgium is perhaps as well fur- 
nished with railways as any country in 
Europe, the Government, who own most 
of the railways, have in view consider- 
able future extensions. They propose to 
lay down another line from Brussels to 
Antwerp, and to construct a new railway 
from Brussels to Willebroeck. During 
the present year a number of new lines 
are expected to be opened in Belgium, 
including a line from Fleurus to Nivelles; 
another from Blaton to Bernissart, 
another from Antwerp to Bonn, and 
another—a branch of the Franceries and 
Chimay Railway — from Thuillies to 
Beaumont. Of the new railway exten- 
sion projected in Great Britain we need 
not speak—information on this subject 
being always available—further than to 
say that “the cry is still they come.” 

It is, however, in the “ wild untrodden 
wastes” of Asia and Australasia that 
the expansion of the railway system 
must chiefly take place in the future. 
When the illimitable resources of Asia, 
and especially of India and China, are 
considered in conjunction with the fact 
that there is not throughout the whole 
of that vast continent even half the 
extent of railway mileage laid down in 
the United Kingdom, it is impossible to 
assign bounds to the possibilities of the 
future. It will be remembered that the 
Iron and Steel Institute co-operated with 
the Duke of Sutherland and other gen- 
tlemen in sending to the late Emperor of 
China in 1873 a present of railway 
stock, with the view of inducing his 
Imperial Majesty to afford to European 
capitalists the necessary facilities for 
introducing the railway system into his 
vast dominions. It may be that the 
premature death of the Emperor has 
hindered the consummation of the ob- 


ject with which this scheme was pro- 


jected; but it is, at all events, a healthy 
sign that Mr. Henderson has been com- 
missioned by the Mandarins in charge of 
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the Chinese arsenals, with the authority | the Bolam Pass need terrify them. It 
of the superintendent of trade for the|has recently been stated that M. de 
northern treaty ports, to procure the|Lesseps is inclined to abandon his 
plant necessary for working iron and| project of a line of railway to connect 
coal mines, and for smelting and manu- Russia and Central Asia with India in 
facturing iron in that province according | favor of one between Russia and China; 
to the most improved European methods. | but it is also authoritatively stated that 
This is a step in the march of civiliza-| the connection with Tashkend with the 
tion calculated to lead to results of| Russian lines is only a question’ of time. 
untold magnitude. Without railways it|The opening of the Euphrates Valley 
would be almost impossible to carry | route to India is another gigantic under- 
on either metallurgical or mineralogical | taking that looms in the future, A com- 
operations successfully; and even the in-| mittee was appointed early in 1872 to 
genuity of the Celestials will not enable | consider the question of railway commu- 
them to prove an exception to this|nication with India, and after examin- 
invariable rule. The thin end of the|ing a number of witnesses and entering 
wedge has been introduced, and in this| at length into the merits of the different 
case the first progressive step may be | schemes proposed, they completely ap- 
accepted as an augury of others that; proved not only of the policy, but also 
must shortly follow. India, again, of the practicability of the Euphrates 
although not like China, closed to rail-|-Valley route. The cost of this proposed 
way enterprise, has only made slow) railway has been estimated at ten mil- 
progress in the past. Up to the present| lions sterling, and the Turkish Govern- 
time the total length of railway sanc-| ment is said to be quite prepared to 
tioned for our Indian empire, including entertain favorably any proposal made 
both guaranteed and State lines, is; by us for the construction of the line 
7,7994 miles, of which 5,872} miles are| under the control of a joint committee 
already open, and 1,927 miles remain to|of the two Governments. Turkey, in- 
be completed. It is well known that | deed, has recently shown a rare spirit of 
M. de Lesseps has for a considerable | enterprise and enlightenment in this mat- 
time past been endeavoring to make | ter, and a large development of its rail- 
terms for the carrying out of a great | way facilities is in prospect. Already 
central Asian railway scheme, with a | the Sublime Porte has authorized the 
view to the promotion of which both he| construction of a railway from Kerbela 
and Mr. C. Stuart recently undertook a|to Bagdad, and has directed the Gov- 
survey of India; material obstacles of|ernor of Bagdad to carry it out. Per- 
considerable difficulty stand in the way. | sia, by annulling the concession made to 
The route originally proposed was from| Baron Reteer, uas taken a retrogade 
Orenburg through Samarcand, the Hin-| step, which may retard the introduction 
doo Koosh, and the Cabool Valley to|of the railway system within the Shah’s 
Peshawur, but in the course of his visit | dominion for a number of years; but his 
to India M. de Lesséps proved the im-| Majesty saw too much of the beneficial 
practicability of this scheme. He now| operation of Western civilization during 
proposes, therefore, to adopt an easterly | his recent visit to Europe to abandon 
route, through the Sir-Daria Valley to|altogether the projects of advancement 
Tashkend, skirting the lofty table-lands | which he then formed. In Cape Colony, 
of Pamir, and passing thence to Kashgar, | about 800 miles of railway are about to be 
Yarkand, and Cashmere. In following | constructed at a cost of four or five mil- 
this route it will be necessary to cross | lions sterling, and in New Zealand there 
the lofty mountains of Monz-Dagh, the|are 550 miles of railway in course of 
western spurs of the Kuen-Lun, the|construction and 360 more authorized. 
Karackorum, and the Himalayas. The|It is considered probable, also, that the 
Karackorum mountains are higher than|South Australian Government will be- 
any yet surmounted, but the gradients|fore long undertake the construction of 
are much easier than others that have |a new railway to connect Adelaide with 
been successfully crossed by railways in |the river Murray. This will be one of a 
America, and the engineers are of opinion | series of lines projected, with the view 
that neither the Karackorum Passes nor|of connecting the different railways of 
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. Australia, it being intended to make it a | scale they must be left out of the reck- 


grand trunk line, which, at a cost of a| oning. e great bulk of the iron ore 
million and a half sterling, could be|of the United Kingdom will not make 
taken from Adelaide to the Victorian | steel of a reliable kind by any ordinary 
border, there to unite with the mer | process now in use. The immense de- 
system of the neighboring colony, which | posits of ore in Cleveland, and the more 
is, in its turn, to be connected with the| recently developed ores of Lincolnshire 
railways of New South Wales. ‘and Nottingham, are quite unsuited for 

Were we to take cognizance of minor} the purpose, by reason of the presence 
details this brief survey of the railway |of too much phosphorous and sulphur, 
prospects of the future might be pro-| and these two vitiating elements cannot 
longed ad infinitum. Enough, however, | be eliminated by any known mode that 
has probably been said to demonstrate has yet been proved to yield successful 
that the fears are unfounded which point | commercial results. Only hematite ores 
to a falling off in the prospective de-| of the purest kind are available for the 
mand for railway iron. Our manufac-| requirements of the Bessemer steel man- 
turers have not only to meet the con-|ufacture, and limited—in comparison 
stantly recurring demands made upon| with the iron trade—as that manufacture 
their resources of production on account | now is, the scarcity of pure hematites at 
of new railways, but they have also to | home has necessitated our English steel 
supply the constant renewals required | makers placing their main dependence 
on account of wear and tear of existing upon extraneous supplies. Spanish hem- 
lines. The old railway materials, on | atite is largely imported into England 
account of which these renewals will be | for the purposes of the steel trade, and 
required, are calculated at six millions of | ores of the same class, although more 
tons in England, three millions of tons| costly, are imported from Norway, 
in France, ten millions of tons in Amer- | Sweden, Turkey, Algiers, and other dis- 


ica, and ten millions of tons in the rest | 
of the world, making a total of thirty 
million tons of iron rails requiring to be 
renewed within fifteen years—assuming 
that period to be the maximum average 
life of rails made of iron. How is this 
extraordinary demand to be met? Not, 
certainly, by the speedy substitution of 
steel for iron in the manufacture of rail- 
way matérial. A complete transition 
from the one metal to the other may, in 
the course of years, be accomplished, but 
it will involve to a considerable extent 
a revolution in the conditions under 
which steel is now manufactured, and at 
the best it will be the work of slow 
degrees. So far, indeed, as the United 
Kingdom is concerned, the resources 
now existent for the production of steel 
are very limited, while those for the 
production of iron are illimitable. The 
only ores that can advantageously and 
safely be made use of in this country for 
steel-making purposes are those of Cum- 
berland and Lancashire. It is true that 
here and there, as in Weardale, and at 
Ridsdale, in the north of England, ores | 


tant places. This inevitable dependence 
upon foreign sources of supply places 
the English steel manufacturer at a great 
disadvantage. An arbitrary enactment 
on the part of a foreign Government 
may completely paralyze him. Itis true 
that certain treaties for the protection of 
the English manufactures are generally 
entered into before any large amount of 
capital is invested in foreign mines; but 
the recent conduct of the municipality 
of Bilboa, in levying a large duty on 
Spanish ores leaving that port, in de- 
fiance of a treaty made with the imperial 
Government, is sufficient to show that 
treaties are not always to be depended 
upon. With the iron manufacturer the 
case is very different. His resources are 
entirely self-contained. More than this, 
they are practically inexhaustible, and 
if English masters and workmen only 
prove true to themselves they could 
defy the competition, not of Europe 
only, but of the whole world in the 
manufacture of iron. We have heard a 
great deal lately of mountains of iron 
ore cropping out on the surface of 


suitable for steel-making are found, but! America; but we have practically seen 
they are so exceedingly limited and pre- the same phenomena in Lincolnshire— 
carious in extent and deposition, that| where the ironstone is quarried in the 
for commercial purposes on a large!“ open”—and in other iron producing 
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districts in this country. Taking one|to come, at any rate, England will be 
thing with another, England can pro-/the ironmaster of the world; and in the 
duce iron considerably cheaper than | first part of this article enough has been 
America, the latter country, notwith-|said to show that the prospects of our 
standing her vast resources, being handi- | staple trade at the present time are not 
capped by the scarcity and dearness of | so dismal as many timorous people sup- 
labor. | posed. In making iron rails, at all 

It is true that the condition of | events, plenty of work may be found for 
things may be reversed; but for years | many years to come. 





ROCK ASPHALT AND CONCRETE IN THEIR APPLICATION 
TO ROAD-MAKING AND BUILDING.* 


From “The Builder.” 


In handing in the title of the subject, | fect of this is to leave the hard material 
I fear that for the moment I did not ap- | less and less perfectly cemented. More- 
preciate the full extent of the ground | over, the soft material is readily affected 
which such a title covers. To argue the| by the heat of the sun, and “comes” 
theory and practice of working in cement | and “ goes” with each variation of tem- 
in its various qualities and methods of | perature, the effect of which is to reduce 
manipulation, would be to enter upon a|its adhesive qualities ; for although the 
topic of almost undefined extent; so} heat of the sun is sufficient to loosen, it 
with your good leave I will refer to con-| is not sufficient to quicken and fuse the 
crete only incidentally, and make the! bituminous particles together again. 
subject of this paper “ Road-making,”| Again, not only sand and grit, but 
having special reference to rock asphalt | particles of common loam and earth, are 
as applicable thereto. | by the effect of traffic thereupon gradu- 

Asphalt, as commonly referred to, is ally pressed and worn into a mass, which 
generally understood to mean a rough | soon tells with adverse effect upon the 
mixture of broken brick, cinders, gravel | quality of the paving. It is well known 
or grit, with common tar or pitch. This} that the introduction of earthy particles 
composition has for many years past’ are deleterious to, and detract from, the 
been frequently used in the construction | coherence of any cementing material. 
of footwalks in quiet neighborhoods, and|In the case of mortar and other quick- 
even sometimes in roadways where the | setting cements, of course no such 
traffic has been very light. It has, how-} adulteration can be effected after they 
ever, never been anytlting like generally | are once hard; but in the case of a 
used; for although it presents a pleasing | cementing substance which never prop- 
effect when first laid down—especially | erly hardens, and the very purpose of 
when sprinkled with limestone chippings | which is to be trodden upon, such adul- 
or other bright facing—a very small |teration is perpetual and inevitable, and 
amount of wear disturbs the surface and | equally inevitable is its rapid deteriora- 
causes speedy failure. jtion. In this way may be accounted for 

I believe the cause of this early disin-|the disappointment so commonly ex- 
tegration to lie in the natural principle, |perienced in a paving which at_ first 
that no loose hard material may remain|appears so sound and beautiful, but 
long distributed among any material of a/ which so soon becomes disintegrate and 
softer nature. Every tread upon a pav-/ unsatisfactory. The quality of asphalt 
ing of Common asphalt tends to force|to which I make special reference, is 
away the soft material from between the | that prepared for use by nature herself, 
pieces of the hard material, and the ef-| which is quarried or got from the mine, 
and which is as superior to the common 


* From a paper by Mr. Edward Guthrie, read before the . ° » 
members of the Liverpool Architectural Society. asphalt just referred to as a piece of fine 
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marble is in grain to the grain of the! tu i 
; ‘tury the material was to some extent 
coarsest pi > iti i il withi 
_ oie _ — abuse ton ree -rsamgeacay but not until within the last 
. . 4 : i 
combination of limestone and bitumen. | able ran non b oem mat a oy 
The saturation of the limestone is so per-| was used for the first time in P a 
fect, that separation of the two materials | the pavi f ine Son ts 
cannot be effected, nor by an artificial | h b % eae and Ge deicoae 
means can so complete a scalleetion be| ae reg. op Meany vs s stinceal 
ce “Sas ceopestiene of ths doe in many other large Continental 
terials are generally about 92 to 93 parts | meg tg ma cotta 
of lime to 7 to 8 parts of bitumen, with | very lately Spat yo sat’ very “host "7 
ate a Py . ae © 
— silica or other calcareous sub- | — a used in London and other ine 
ces. ; | English towns as a paving. Besides 
Limestone being develo - ri ; eae 
posits of organic > Sosa ich ie Boos | neo if bein canes h deg eg 
t | Cs of being used with great advan- 
past have accumlated in fissures and hol- | tage either al i j i i 
a oe a ae Lew ag er alone or in conjunction with 
supposed that when such vo ocd e pe gga ne ns 
has become heated during a certain sta re | lini “g if <— a “aoe ee 
of the process of decay, and when it a on ‘ i an apr Bens 
remained for a lengthened period at a gen ; ‘all on foe wile ae Gane 
certain high degree of heat, a vapor has ory incidentally) pe > ony oo 
been generated which, when ‘arra | % a ie Goonaie 
confined | arrangements, I cannot let tl i 
and unable to escape, has ultimately | i e + opti Bere tage 
; } y | pass without earnestly urging th 
condensed as bitumen in the in | ti i els gp dy dv 
which it originated. Geadinedis decades “ phalt af ay i yr 
posits of this material are known to ex- | ting ff fal ps eneypnd en Bet 
ist in many parts of the world ; but the | ndoees the Rol age aieee cod me 
mines from which supplies of the best | drai minh ams tr 
} L 'drains. A more unsafe and 1 i 
material are obtained are the Limmer | eadueies a 
i ccnemin atae of thoes j arrangement than the introduction of 
ver, and the | drains to the insides of h 
ee ee ee ne insides of houses could not 
i y of Bruns-| well be designed, and with i 
wick, Germany, and from the Val-d | aie ome aoe 
-de-| rests the practical licati 
Travers and Seyssel Mi i i Bigg th oye neem 
o_o enw meg eg 1 in rem direction. Drains are 
I ; : | pipes charged in a greater or less de 
mines is of a brownish black color. | wi i trey e 
E .| with poisonous vapors 7 
Where the mines are worked i ‘comin ee on wae 
ed in under-| ‘ isease : 
ground galleries, where the temperature | r+ lg geen = =a = ie 
is even—as is the case of the Challenge erf i ei ee 
é srfection therein, through the vari 
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tion ; but when the mines are open and | Ann of Iai societies ont ik 
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or under the heat of the sun the rock | i cern mre 
| the lines of the fl d there s 
becomes so elastic as to i aualenal aaheie ol 
peptone be exceedingly | By the proper application of asphalt all 
The use of Rock Asphalt, accordin into the h ee 
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known by the ancients, for evidences of ‘carrying the f <e Basanti ta ee 
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the asphalt should be turned and carried 
= the outside of such walls to the level 
of the ground line, forming a perfectly 
waterproof skin to the whole basement. 
All washing and other waste water 
should be carried by a pipe into an out- 
side area in the open air, and should 
enter the drain by a trap there, which 
should be as far away as possible from 
any opening in the house. I would not 
only suggest that this sanitary arrange- 
ment should be made compulsory in the 
matter of cellar drainage, but would 
also advise its compulsory application to 
all upstair sinks and closets, obliging all 
drainage matter from “| source within 
the house to be conveyed into a trough 
in the open air before entering the drain, 
so that no direct communication between 
the insides of dwellings and drains 
should exist. 

Now, with respect to street paving: 
I will assume it to be admitted on all 
sides that for footwalks a half-inch or 
five-eighths me of rock asphalt upon a 
3-inch or 4-inch layer of Portland cement 
concrete is superior to flags, tiles, or any 
other quality of footwalk pavement; 
and now that the cost of asphalting and 


flagging are about equal, I believe that 
the general adoption of asphalting in 
place of flagging is but a matter of 
time and emergency. . .... . 
Wood stands next as a high-class pav- 


ing. Only in one point—that of foot- 


ative of liquor, I pass through a vessel 
containing rock or other asphalt in a 
molten and mastic state, and simply 
place such pieces of wood, with a small 
portion of -the asphalt adhering to each 
piece, on their ends or edges upon the 
prepared surface of the ground to be 
covered, in such a position that they lean 
upon each other at any angle other than 
a right angle to the ground covered, and 
thus let them cool to a solid amalgamate 
mass, the ends or edges of the laths, 
closely packed with the hardened as- 
phalt, forming the surface of the road. 
The road may be rolled, if desired, for 
fuller assurance of solidity, or for the 
er of giving a dressing to the sur- 
ace; and I here call particular attention 
to one of the special features of its con- 
struction, that is, the angle at which the 
wood used lies. It is obvious that a 
paving so constructed, the more it is run 
upon the heavier the weights which pass 
over it, the more and more consolidated 
it, must become, and that a road so con- 
structed must have great durability. 
me 
Tue following facts on the duration of 
life appear in the Deutsche Versicherungs- 
| Zeitung : In ancient Rome, during the 
period between the years 200 and 300 
A.D., the average duration of life among 
the upper classes was 30 years. In 
| the present century, among the same 
| classes of people, it amounts to 50 years. 





hold—does it stand superior to asphalt; | In the sixteenth century the mean dura- 
but on this account alone it threatens to| tion of life in Geneva was 21.21 years, 
compete very seriously with the other-| between 1814 and 1833 it was 40.68 
wise infinitely better material. Obser-| years, and at the present time as many 
vations have been made and records| people live to 70 years of age as 300 
kept which prove that in all states of the | years ago lived to the age of 43. In the 
weather other than greasy, the number! year 1693 the British Government bor- 
of falls upon asphalted roads is fewer| rowed money, the amounts borrowed to 
even than upon granite sets, and it is| be paid in annuities, on the basis of the 
obvious that a fall upon a smooth) mean duration of life at that time. The 
asphalted road, when it does occur, must | State Treasury made thereby a good bar- 


be less injurious to the horse than a fall | gain, and all parties to the transaction 
were satisfied. Ninety-seven years later, 


upon a rough and stony one. The diffi- | 
| Pitt established another tontine or an- 


culty, however, of rising from the | 

asphalt after a fall is very great. nuity company, based on the presump- 

I have from time to time gi i tion that the mortality would remain the 
same as 100 years before. But in this 


iven consider- 
able thought to the end of attaining the 
instance it transpired that the Govern- 
ment had made a bad bargain, since, 


desired object; and since I, a month ago, 

submitted the title of this paper, I have 
while in the first tontine 10,000 persons 
of each sex died under the age of 28, 100 


designed and registered a system of 
aving, a model of which is before you. 

f years later only 5,772 males and 6,416 

females died under this age.” 


take short pieces of lathwood, which, 
having been first saturated in a preserv- 
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By GEO. L. 


Written for Van 


Tue various methods ordinarily em- 
ployed for the solution of mathematical 
problems are well known to all who are 
familiar with arithmetic, algebra and 
geometry. ‘There is, however, a method 
of answering a certain clas of questions, 
and of representing certain results, by a 
direct appeal to the eye, which is ex- 
tremely simple, very effective, and in 
some cases superior to every other mode. 


This process is by no means new to| 


scientific men, but it may be both new 
and interesting to many persons ; and 
we propose therefore, without further 
preface, to present a few examples of the 
graphic method, the extension of which 
to additional questions will be readily 
made by the reader. 

Suppose we have the following ques- 
tion: If a man travels five miles an 
hour, how far will he go in four hours ? 
This, of cotirse, is the plainest possible 
question in simple multiplication. Sup- 


pose, however, that we have the follow- 


ing problem: A man starts from the 
foot of a mountain to walk to its sum- 
mit; his rate of walking during the 
second half of the distance is half a mile 
per hour less than his rate during the 
first half, and he reaches the summit in 54 
hours; he descends in 3? hours, walking 
at auniform rate, which is one mile an 
hour more than his rate during the first 
half of the ascent. Find the distance to 
the summit and his rates of walking. 
Here, now, is a question which our sim- 
ple multiplication will not answer; but 
by the graphic method the second ques- 
tion is nearly, if not quite, as simple as 
the first. 

To begin with our first question above. 
Draw a horizontal line and divide it into 
equal parts, as in the upper horizontal 
line in Fig. 1. Let these equal horizontal 
divisions represent hours. Through 
each of the points, 0, 1, 2, 3, ete., on the 
upper line, draw the verticals 0, 0, 1, 1, 
2, 2, ete., and on the first vertical, 0, 0, 
lay off equal divisions to represent miles, 
and through the points of division, 5, 10, 
15, draw lines parallel to the upper hor- 
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We have here time laid off on 
one line and distance laid off upon 
another line at right angles to the first. 
Now, if our man travels five miles in one 


hour, his path is represented on our dia- 
gram by the diagonal line from 0 to a; 
any inclined line in the Fig. representing 
at the same time a movement both in 
space and time. If we wish to know 
how far the man will go in two hours, 
we have only to draw a vertical through 
2 until it cuts the diagonal at 6, and 
from 6 draw a horizontal line to our ver- 
tical scale of miles, which we shall find 
at 10; or, if we wish to know how long 
he will be going 15 miles, we draw a 
horizontal from 15 to cut our diagonal 
at c, and through ¢ draw a vertical to 
cut our time line at 3. If a second man 
goes twice as fast as the first, his path 
will be shown by the dotted line, which 
passes through the intersection of 1 hour 
and 10 miles. Suppose our question was 
follows: Two men start from the 
same point, one going at the rate of five 
miles and the other at ten miles per 
hour. Low far apart are they at the 
end of two hours? We “at once 
that the vertical distance between our 
two inclined lines, measured upon the 
perpendicular through 2, is the differ 
ence between 10 and 20 miles, or 10 
miles. Reverse the question, thus: Two 
men start from a given point and travel, 
one at five miles per hour, the other at ten 
miles per hour; after a certain time they 
are ten miles apart; how long have they 
been traveling? Here we have only to 
take our vertical distance 10 miles, find 
where it will just go in vertically be- 


as 


see 
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tween our inclined lines, and produce it 
until it cuts the time line, in this case at 
2 hours. Suppose again that our first 
man starts from a certain point and at 
the end of four hours has gone twenty 
miles; a second man starts at the same 
time and reaches the end of the twenty 
miles two hours sooner than the first 
man; how fast did he travel? In this 
case we have only to go back on the 
lower horizontal line from 4 to 2, and 
draw the dotted line from 2 on the 
lower line to 0 on the upper line, the 
inclination of the dotted line gives the 
rate required—é. ¢., ten miles per hour. 
These questions are thus far extremely 
simple, so simple as to be done in the 
head by any member of a primary 
school; but they illustrate the method, 
which we will apply directly to more 
difficult problems. 

We have seen that differently in- 
clined lines represent different rates of 
movement. Let us take now another 
question: A starts from a certain point 


A T 


‘ hike: | 
E 8 


and travels in a certain direction for a 
certain time; represent his path as before 
by the diagonal a 5. B starts an hour 
later, and passing over the same dis- 
tance, arrives an hour earlier. How fast 
did B go, and where and when did he 
pass A? The dotted inclined line repre- 
sents B’s path, its inclination his rate, 
and he passes A at the distance a,c, and 
at the time d. A third man, C, starts 
from the opposite end of the course at 
the same time that A leaves his end, and 
goes at the rate of the second man, B. 
When and where will he cross the paths 
of the two other men? It is to be noted 
that while men may move in the oppo- 
site direction, time always goes in the 
same direction, and even if the man 
stands still, time goes on. As a matter 
of convenience, time is always represent- 
ed as going from left to right. The 
path of C is therefore shown by the full 





line from e to d, and he will pass A at 
m on the scale of miles, and at ” on the 
time line; he will pass B on the 
second horizontal, for perl and half 
way between the second and third time 
lines. Let us alter the question with 
regard to C, thus: C leaves the oppo- 
site end of the route at the same time 
that A leaves the first end, but travels 
twice as fast until he has gone half the 
length of the course, when he stops until 
B overtakes A and then goes on arriving 
at A’s starting point at the same time 
that A arrives at his (C’s) starting point. 
What is C’s rate during the last half of 
his course? Here C’s course is repre- 
sented by e 2, his stops of an hour by 
« s,and the remainder of his course by 
8 x, the inclination of which is evidently 
the same as that of s 6. C’s rate during 
his last half is then the same as A’s uni- 
form speed. 

The algebras and arithmetics abound 
in questions like the following: Edin- 
burgh is 360 miles from London. A 
starts from Edinburgh and travels ten 
miles per hour; B starts from London 
and goes eight miles per hour; when 
and where will they meet? *The reader 
will quickly answer the question by the 
graphic method. Here is another ques- 
tion: A privateer running ten miles 
per hour sees a ship eighteen miles off 
going at eight miles per hour; how far 
can the ship go before it is overtaken ? 
Here we first lay off a diagonal repre- 
senting ten miles per hour; we then go 
down on the left hand vertical eighteen 
miles and lay off a second diagonal 
representing eight miles per hour; these 
diagonals “sa i will intersect, giv- 
ing both the distance required and the 
time at which the ship will be overtaken. 
We do not give the figure, as it necessa- 
rily takes a good deal of room. 
Take the following question: Two 
towns are 50 miles apart; A is to leave 
one of these towns at 6 a. M. to arrive at 
the other at noon, making four stops of 
half an hour each at 10, 20, 30, and 40 
miles from the starting point; B leaves 
the other end of the road at 7.30, travels 
twenty miles per hour for an hour, then 
turns back and retraces his course for an 
hour at ten miles per hour, then turns 
back and advances again at such a rate 
as to pass A as he is starting from his 
third halt; continuing at the same rate 
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B meets at half past ten a third man, C, 
who left the first end of the route two 
hours later than A did. At what rate 
has O been traveling, and where did B 
meet him? To the ordinary arithmet- 
ical process this question would seem 
at least a little “ mixed,” but it is not in 
the least so in the diagram below, when 
B is seen to meet C 224 miles from 
A’s starting point at half past ten 
o'clock, and é is found to have been 
going at the rate of ten miles per hour. 


6 /o 


. 4/2 
A 


“i 


40 
20 
30 
40 
50 


Let us pass now to a somewhat differ- 
ent class of questions: Two men start 
at the same time to walk round an 
island; the first man goes 34 miles per 
hour, and the second goes 5 miles per 
hour; the distance around the island is 
ten miles; how long after starting will 
the second man pass the first, and how 
long before he will pass him the second 
time? The reader will, perhaps, not at 
first sight see the relation between 
movement on the circular path and time, 
as it is a little different from the relation 
of movement on a straight line to time. 
He has, however, only to observe that in 
traveling a circular path a man, while 
always getting farther away from the 
starty g point, is at the same time get- 
ting nearer to it, or he is traveling both 
from and towards it at the same time. 
Our question above thus takes the form 
shown in Fig. 4, in which the first man’s 
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path is represented by the full lines, and 
the second man’s path by the dotted 





ones. The reader will see at once why 
having drawn a 6 we recommence at ¢; 
in going from the point represented by 
the upper horizontal line to the point 
represented by the lower one, inasmuch 
as the path is a circular one, we have 
fot back again to the starting point. 

e second man, it will be seen, passes 
the first at five hours, and again at ten 
hours from starting. If, instead of 
going in the same direction, one of the 
men moves in the opposite direction, we 
have only to start from the lower line 
and incline the diagonal in the opposite 
direction; and we may vary their rates 
of speed and stop them at any points ir 
any length of time without making the 
question any more difficult. 

Let us try the watch problem as given 
in the algebras, viz.: The hands of a 
watch are together at noon; when are 
they next together? In Fig. 5 we have 


represented the movement of both 
minute and hour hands for twelve hours, 
and we shall find that the several diago- 
nals answer a variety of questions. W 

may take the distance around the face of 
the watch as representing time or dis- 
tance, as we please. It represents both, 
and we thus lay off twelve divisions on 
the upper horizontal line and on the 
left hand vertical line. The long diag- 
onal represents the course of the hour 
hand for twelve hours, and the short 
diagonal the twelve revolutions of the 
minute hand in the same time. We see 
plainly that the hands are together at 
noon, at a little after one, at a little more 
after two, still more after three, and so 
on, the precise time being found by car- 
rying the crossings of the or ver- 
tically up to the time line. Our sketch 
is too small to do this accurately. We 
find often this question in elementary 
works upon algebra. The hands of a 
watch are at right angles at three o’clock, 
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when are they next at right angles? 
The hands are at right angles when they 
are fifteen minutes apart. Taking one 
hour out of the preceding figure, and en- 
larging it, we find the path of the hour 
hand, shown by ¢ d in Fig. 6, and that of 


A F 


the minute hand by ad. Wherever we 
can get the vertical equal to fifteen, or to 
ac, in between the two diagonals in a 
vertical position the hands will be at 
right angles. The second of these posi- 
tions is carried up to the time line at e, 
or between 32 and 33 minutes past three. 
Let the question be to find at what time 


between three and four o’clock the hands | 
Diametri- | 


are diametrically opposite. 
cally opposite is thirty minutes apart ; 
and applying thirty minutes on the ver- 
tical scale in Fig. 6, above, to the lines 
aband cd, and producing the line up- 
wards we find the time line to be cut at 
h, or about eleven minutes before four. 
We will add here a problem for the 
reader, which, with the question regard- 
ing the traveler ascending a mountain, 
iven at the commencement of this art- 
icle, will exercise his ingenuity. Two 
travelers, A and B, set out from two 
places, P and Q, at the same time; A 
starts from P, with the design of passing 
through Q, and B starts from Q, and 
travels in the same direction as A. When 
A overtook B it was found that they had 
together traveled thirty miles; that A 
had passed through Q four hours before, 
and that B at his rate of traveling was 
nine hours’ journey distant from P. Re- 
quired the distance between P and Q. 
Fig. 7 gives the general form of the 
diagram for the question above, P R be- 
ing nine hours, P Q the distance requir- 
ed, PV and QV being together thirty 
miles, and TS being four hours. Now, 
P Q must be such that Q S drawn paral- 





lel to P L shall cut V L in such a point, 
S, that a line from S to P shall cut QM 
in a point, O, which shall be four hours 
back of S. 





P R 
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Additional questions may be found[{in 
Todhunter’s larger algebra. &: 

About the time the Union Pacific 
Railroad was opened the newspapers 
wee, round the following question: 
uppose it takes a train just one week 
to run the whole length of the road, and 
that one train leaves each end of the 
route each morning, how many trains 
will a person meet in going the length 
of the railway, not counting the train 
that arrives just as he starts, nor the 
train that starts just as he arrives. Let 
the six divisions of the horizontal lines 
in Fig. 8 represent the six days and the 
vertical lines the length of the road. 
The number of trains is at once seen to 
be eleven. 





— 
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We will conclude this part of our sub- 
ject «| an application of the above 
method to a question of great practical 
importance, viz., the adjustment of the 
—s times of railway trains, the ex- 
tract from a recently published work 
upon railway engineering: 

Let the heavy vertical lines in Fig. 9 
represent the successive hours of the 
day, and the intermediate finer lines the 
quarter hours. The horizontal lines 
represent the several stations along the 
road, the vertical distances between 
these being plotted by scale according 
to the actual distances in miles. Sup- 
pose that we wish to start a train at 6 
a. M. from the station represented by 
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A A, so that it shall arrive at station J| by stops will be 120 minutes, or 2 
at 3 P. M., stopping 15 minutes at each| hours. From 3 p. m., on the lower hori- 
way station. e number of way sta-| zontal line, go back 2 hours, or to 1 


tions being 8, the whole time consumed |p. m., and from 6 a. M., on the upper 


12 


line, draw a line, which produced, would| If it is desired to work a construction 
hit 1 Pp. M. on the lower line. This diag-| train between stations E and D, from 6 
onal reaches the line B B at 7.25. As| a.m. to 6 p.M., the movement of such a 
we stop 15 minutes at the station, we| train is shown by the short diagonals be- 
pass along on the line B B a distance | tween the horizontals D and E, and its 
equal to 15 minutes on the time scale, | time card would be thus: Leave E at 6 
and from the point thus reached we| A. ™., and arrive at Dat 7. Leave D at 
start again parallel to the first diagonal, | 7.15, and arrive at E at 8.15. Leave E 
arriving at station C at 8.20. oe at 8.30, and arrive at D at 9.30; crossing 
in the same way we arrive at station J| the 6 and the 8.30 a. m. trains from A to 
at 3 p. M. as desired. The rate of incli-| J, and being passed by the 6 a. m. train 
nation of the diagonal shows the speed.| J to A. Leave D at 10, and arrive at E 
If we would start a train from A at 8.30|at 11. Leave E at 11.15, and arrive at 
to arrive at J at 11.15, making no stops,| 1) at 12.15, and wait to be passed by 9 
it will pass the train above-mentioned| a.m. train, from J to A. Leave D at 
at station D, and will run the whole dis-| 12.45 ».m., and arrive at E at 1.30. 
tance in 2 hours 45 minutes. Trains| Leave E at 1.45, arrive at D at 2.45, and 





running in the opposite direction are | pass noon train from station A, and 11.15 
represented on the diagram by diag- 
onals ascending from left to right. | 
Thus, a train leaving station J at 6 a. m.| 
to arrive at A at noon, making no stops, | 
will run, as by the broken diagonal, | 
from 6 A. M., on the lower line, to 12 on) 
the upper one, passing the 6 a. m. and 
the 8.30 a. M. trains running in the op- 
posite direction at station D. It will be| 
observed that the line from 6 to 12) 
changes its rate of inclination at the | 
horizontal D, by which we understand | 
that the train changes its rate of speed 
at that station, running faster from D to 
A than from J to D. 


A. M. train from station J. Leave D at 


3.15, and arrive at Eat4p.m. Leave E 


at 4.15 Pp. M., and arrive at D at 5. Leave 
D at 5.15, and arrive at E at 6 P.M. 


If a train leaves A at noon, and runs 


towards J, leaving C at 2.05, and reach- 


ing E at 3.20, and another train leaves 


J at 11.15 a.m. and G at 1 p.m., and 


runs to A, as by the diagonal, without 
stopping, the trains will pass at 3 Pp. m. at 
a point between D and E, the exact posi- 
tion of which may be found by the scale 
of miles, according to which the length 
of the road, or the distance A J, is 
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plotted ; at which place a siding or pass- 
ing place must be provided. 


Upon a double track road a chart may 
be prepared for each track, and diagonals 
in one direction only will appear upon 
each diagram. 


In practice, the diagram is accurately 
drawn to a large scale, and the several 
trains are represented by differently col- 
ored elastic lines fastened by pins, so 
that they may be moved from hour to 





hour through the day and night as the 
various occurrences on the road may de- 
mand; some trains being retarded, others 
hastened, extras put in, and all provisions 
made for securing regularity in the move- 
ment, and freedom from disaster. 

The grades and curves may, if desir- 
able, be shown upon the vertical line A J; 
by which those parts of the road may at 
once be seen where, from increased re- 
sistance, a lower speed will need to be 
adopted. 





ON RIVER POLLUTION. 


By Dr. E. FRANKLAND, D.C.L. F.R.S. &c. 


Proceedings of the Royal Society. 


In 1865 a Royal Commission was 
issued for the purpose of inquiring how 
far the present use of rivers in England, 
for the purpose of carrying off the 
drainage of towns and populous places, 
and the refuse arising from industrial 
processes and manufactures, can be pre- 
vented, without risk tothe public health, 
or serious injury to such processes and 
manufactures, and how far such refuse 
or drainage can be got rid of or util- 
ized, otherwise than by discharge into 
rivers, or rendered harmless before reach- 
ing them. Inquiry was also to be made 
into the water supply of Great Britain. 

The Commissioners appointed were 
Mr. Robert Rawlinson, Mr. John Thorn- 
hill Harrison, and Professor Way. Their 
inquiry extended over three years, and 
they reported upon the state of the 
Thames, the Lea, the Aire, and the 
Calder, and their labors are recorded in 
three Blue Books with their appendices. 
This Commission was dissolved in 1868, 
and a new one appointed consisting of 
Major-General Sir William Denison, Mr. 
John Chalmers Morton, and the speaker. 
They were directed to complete the 
inquiries entrusted to the previous Com- 
mission and to extend them to Scotland. 
This second Commission finished its 
work in June last, or in little more than 
six years, and its labors are recorded 
in six Blue Books with their appendices. 

Besides the inspection of river basins, 
towns, and manufactories, and the hold- 





ing of courts of inquiry in the more im- 
portant towns, these investigations in- 
volved the experimental examination of 
numerous processes for the cleansing of 
foul water, and the execution of thou- 
sands of analyses of foul and unpolluted 
water. For this purpose a thoroughly 
equipped chemical laboratory was pro- 
vided by Government, furnished with 
every requisite for the investigation of 
water which modern science could sug- 
gest. 

To properly consider the great mass 
of polluting matter which is being dis- 
charged into rivers and streams, it will 
be convenient to classify it into organic 
and mineral, according to its source and 
character. Under the head of organic 
matter we have, first, town drainage; 
second, drainage from the various forms 
of fibre manufacture—and under this 
denomination come paper-making, calico 
industry, woolen industry, linen and 
oe industries, and the silk manufacture. 

nder the head of mineral matter we 


have, first, mine pollution, or liquids 
discharged from mines; and, second, 
drainage from chemical works. 

As examples of rivers intensely pol- 
luted by each of the above forms of 
matter may be mentioned the Clyde, 
which flows through Glasgow, as strong- 


ly polluted «! town drainage; Dighty 

urn, near Dundee, by fibre manu- 
facture; Red River, at Gwythian, Corn- 
wall, by tin mines; and the Sankey 
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Brook, which flows through St. Helens, 
is a fair example of pollution by chemi- 
cal works. 

Polluting matter of organic origin 
resents itself in water in two different 
orms, viz., in solution and suspension, 
whereas mineral polluting matter is 
nearly always present in a state of sus- 
pension, and on account of its greater 

specific gravity will, if allowed sufficient 
time, subside of its own accord. This is 
not the’ case with soluble or suspended 


works, 8 grease works, 4 glue works, 35 
dye works, 


At one of the woolen factories alone 
the following materials are annually 
used: 


Logwood and other dye woods, 320,- 
000 Ibs.; chloride of lime, ammonia, and 
sulphuric acid, 15,000 Ibs.; Gallipoli oil, 
40 to 50 tons; soap, 70,000 Ibs.; alkali, 
40,000 Ibs.; and 14,000 tons of coal. 





—— matter, to get rid of which 
other means have to be resorted to. 
Chemisty is not yet able to determine 
the actual weight of organic matter | 
which may be present in solution in| 
water. Only two of the principal ele-| 
ments, carbon and nitrogen, can as yet | 
be determined; but the presence of | 
these, even in comparatively small 
quantity, denotes formidable and offen- | 
sive pollution. 


With the exception of the last item, 
nearly the whole of these materials are 
discharged into the river, and the ashes 
of the coal also find their way into the 
same convenient channel of transporta- 
tion. 

At Leeds this mass of pollution is 
reinforced by the drainage of 300,000 
people, and by refuse materials from the 
following factories: 


The Thames may be taken as an) 
instructive example of organic pollution.| 224 cloth and woolen factories, 62 dye 
At its source it is a comparatively pure | works, 6 dye-wood mills, 25 flax mills, 
river. It receives polluting matters | 7 soap works, 1 silk mill, 28 tanneries 
from paper factories, and from the | (which tan 2? million hides annually), 29 
drainage of 600,000 people, in its course | chemical works, 10 carpet factories, 3 
before it reaches Hampton, and yet it| glue factories. 

still looks a comparatively clear and | 
pure river. This is owing to the de- | 


The history of the river Calder, which 
ceptive nature of the polluting matter, |joins the Aire lower down, is similar; 
which is principally organic, and in| but this river is less intensely polluted. 
solution, and is therefore scarcely dis-| After receiving the drainage of all the 
cernible by the unaided senses. If, how-|towns and factories on its banks, its 
ever, it be followed in its course down| water is pumped up for the supply of 


to London Bridge its pollution becomes | 
apparently greatly augmented, but the 
organic matter in solution is scarcely | 
perceptibly greater at London Bridge | 
than at Hampton. In short, were the 
water filtered from the suspended mud | 
stirred up by the steamers and: currents, | 
it would, chemically speaking, be nearly | 
as pure at London Bridge as it is at, 
Hampton. 

Another instructive case is the Aire, 
which rises in Yorkshire, a very clear 
and beautiful river; but before it reaches 
Leeds it receives, besides the house 
drainage of more than a quarter of a 
million of people, the refuse from the 
following factories: 


1,341 cloth and woolen factories, 1 silk 
mill, 1 flax mill, 10 cotton factories, 7 


Wakefield. 

The condition of the water may be 
judged of from the fact that a local 
manufacturer was able to write and 
dedicate a memorandum to the Local 
Board of Health with a pen dipped in 
the river water. 

Now these two rivers—the Aire and 
Calder—the one running from Leeds, 
and the other from Wakefield, meet at 


|Castleford, and there they fall over a 


high weir. At this spot the pollution of 
the water is so great as to blacken the 
very foam on its surface. Yet, these 
streams must, at one time, have been 
celebrated for their cleanliness and 
purity; otherwise the well-koown coup- 
let would scarcely have been written: 


‘* Castleford lasses may well be fair, 





paper mills, 26 tanneries, 13 chemical 


Wash’d in the Calder and bathed in the Aire.” 
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The effect of bathing in these waters in 
their present condition would scarcely 
be so satisfactory. 

The accounts of pollution just men- 
tioned are those from town drainage 
and fibre factories, and these are essen- 
tially all organic. The pollution from 
mines and chemical works, with few 
exceptions, is mineral, and in suspension. 

In the neighborhood of mines the 
amount of mineral matter present in 
rivers is sometimes very great. There 
the ore and matrixes are crushed to- 
gether into an impalpable powder, then 
washed with water to separate the heav- 
ier metallic matter from the rocky mat- 


ter. The effluent water from the settling | 
| polluted rivers cleanse themselves, and 


pits is very muddy, and often contains 
poisonous matter in suspension. This is 
especially the case in lead mines, where 
considerable quantities of galena and 
carbonate of lead, carried down the 
streams during floods, are washed on 
the adjacent land, where cattle are 
razed. The consequences resulting 
rom this display of ignorance and care- 
lessness are, that the farmers whose lands 
are washed by these poison - charged 
waters suffer the loss of cattle and 


poultry, whilst the profits of the mines 
leak silently away. At a lead mine in 


Northumberland nearly 7 tons of lead 
ore, worth £12 per ton, are thrown away 
in every 100 tons of waste material. At 


another time in the same county 2 tons | 


of lead ore, and more than 9 tons of zinc 
ore, are thrown away in every 100 tons 
of waste. In the Welsh mining districts 
there are also many examples of similar 
careless waste. These metalliferous 
“skimpings” and muds poison the rivers 
for many miles, carrying destruction to 
animal life. Mud containing as much as 
5, 9, 13, and even 25 per cent. of lead 
ore is not unfrequently found in the 
neighboring streams. 

Such is the pitiable plight to which 
many of our formerly beautiful rivers 
have been reduced, and now the question 
confronts us—What are the remedies for 
this grievous nuisance? Fortunately, 
science gives no uncertain reply to this 
question. Indeed, for one form—the 
casting of solid rubbish into streams— 
common sense, without the aid of science, 
supplies the answer. Such rubbish is 
laboriously and intentionally carried to 
the bank and shot into the stream, and 











its prohibition, under adequate penalties, 
needs only to be enforced. 

The chief sources of river pollution 
are, first, town drainage and fibre manu- 
facture; and, secondly, pollution by min- 
ing operations and mineral works. These 
are essentially different in their charac- 
ter, and require distinct remedial meas- 
ures. 

Before proceeding to investigate the 
various remedies which have been pro- 
posed for the first species of pollution, 
it is necessary to be quite sure that arti- 
ficial remedies are necessary, and that 
Nature does not herself perform all that 
is really requisite for the purification of 
streams. It has been long a theory that 


that if you pour into them foul organic 
matters, the latter are rapidly destroyed, 
and, after a flow of twelve miles or so, 
the rivers purge themselves completely 
from the stain, and regain their pristine 
purity—an exceedingly comfortable doc- 
trine, if true. This theory is in great 
repute amongst two classes of persons— 
first, those who are polluters of rivers ; 
and, secondly, water companies who ab- 
stract their beverage from points below 
the outfalls of town sewage. Now con- 
sidering that this is an exceedingly im- 
portant question, the Commissioners sub- 
mitted it to very close investigation. 
They experimented upon the Irwell, be- 
low Manchester; the Mersey, below 
Stockport; and the Darwen, below Black- 
burn. They took samples of the water 
at particular points of the rivers, and 
then at other points lower down, after a 
flow of a considerable number of miles, 
and before any other polluting matters 
had entered the stream. Thus, they 
took samples of the Irwell below Man- 
chester, then eleven miles lower down, 
and found, that while there was a reduc- 
tion in the organic matter in suspension, 
there was, practically, no diminution in 
the quantity in solution. The organic 
matter in solution was comparatively un- 
affected — certainly not destroyed, al- 
though the river falls over nine weirs, 
and is thoroughly aérated. The same 
results, substantially, were obtained in 
the Mersey, where there was a 13-mile 
flow available, and also in the Darwen, 
where there was also a 13-mile flow. 
But it might be said that, in the case 
of these rivers, the pollution is so intense, 
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that neither animal nor vegetable life 
can exist in them, and that it is the ac- 
tion of animal and vegetable organisms 
in water which destroys these pollutions. 
The Commissioners, therefore, resolved 
to repeat their experiments upon a river 
water in which pollution was much mild- 
er, and for this purpose selected the 
Thames. They took first a sampkof the 
Thames below Reading, after it is joined 
by the Kennet, and where it is polluted 
by the drainage of Reading. 

Sufficient time was allowed for the 
river water to flow to a point four miles 
lower, and between these points no fresh 
polluting matter gained access to the 
stream. After this flow they found the 
quantity of organic matter in solution 
and suspension exactly the same as at 
the beginning, although the quantity of 
mineral matter in suspension was con- 
siderably reduced. Thus it will be seen 
that these experiments completely dis- 
pose of the theory of self-purification. 

The methods which have been pro- 
posed for remedying organic pollution 
may be conveniently divided into, first, 
methods of precipitation ; and, secondly, 
methods of oxydation. 

Amongst the methods of purification 
those by precipitation have been most 
talked about, because they are the most 
easily applied on a small scale, and are, 
therefore, more easily made the subjects 
of experiment. One of these is precipi- 
tation by lime. Most drainage water 
contains bicarbonate of lime. This is 
decomposed by slaked lime or lime-water, 
and the resulting chalk precipitate lays 
hold of and carries down with it any 
particles of suspended matter that may 
be in the water. But it does more ; it 
acts by surface attraction, and actually 
takes out of solution some of the or- 
ganic matter which was dissolved in the 
water. Yet the purification by this 
means is very imperfect as regards the 
soluble organic matter. 

There is, again the ABC process, 
which consists in precipitation by means 
of a mixture of alum, clay, and an in- 
finitesimal quantity of blood. 

Then we have the sulphate of alumina 
method, or Bird’s process; (lime and 
clay), or Scott’s process; (lime and 
chloride of iron, and superphosphate of 
alumina and slaked lime). All these 


methods have failed to achieve the end 
in view. 

They are useful in diminishing the sus- 
pended matter, but as regards purifica- 
tion from the worst form of pollution, 
viz. organic matter in solution, they are 
of little effect. 

They have all had their origin in two 
erroneous ideas. First, that the foul 
matter in sewage can be removed b 
chemical means ; and, secondly, that the 
matter actually thrown down or precipi- 
tated is valuable as manure. In every 
case in which it has been tried the pre- 
| cipitated matter is not worth the carriage 
|for more than.a mile or two, so that it is 
practically worthless. In fact, the man- 
uring constituent of this foul drainage is 
left almost intact in solution. By Gen- 
eral Scott’s process, however, the precipi- 
| tated matter is converted into a valuable 
| cement. 
| The great lesson taught by all these 
| comparatively abortive attempts is, that 
surface attraction is capable of effecting 
that which chemical affinity is incompe- 
|tent to achieve. These are not cases of 
chemical affinity. There is no fixed rela- 
tion between the matter precipitated and 
|the precipitant. They are clear cases of 
| Surface attraction ; but the vast quanti- 
| ties of purifying ingredients necessary 





‘to make them really efficient would in- 


| volve so great an expense as to render 
|them impracticable. Purifying material 
|in each case is manufactured at great 
‘cost, and is laboriously carried to the 
‘sewage, and fished out again and dried 
iat still greater trouble and expense. 
| This, however, would become of second- 
ary importance if the end desired were 
‘accomplished. But this is not the case ; 
| the foul liquids are not cleansed. These 
purifying materials, chalk, alumina, and 
| oxide of iron, and other porous substances 
exist, however, naturally in all porous 
soils, and sewage will run to them by its 
own gravity. These materials are capa- 
ble of removing nearly the whole of 
'the polluting matter brought into con- 
tact with them. We are thus led, by a 
process of scientific induction, to purifi- 
cation by irrigation. Foul drainage is, 
|in irrigation, mixed with vast quantities 
of soil, which, by surface attraction, re- 
move from it its polluting matter, both 
in solution and suspension. Its fertiliz- 
ing matter is also removed to a great ex- 
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tent, and the roots of growing plants 
ramifying through the soil, gather up and 
transform the polluting materials into 
healthy living tissues, thus preventing 
the pores of the soil from getting clogged 
and consequently useless for purposes 
of purification. 

0 one visiting Aldershot Camp can 
fail to be struck with the emerald tint 
of the irrigated land, contrasting as it 
does with the sterile soil around it. Up- 
on the land used for the purpose of puri- 
fication by irrigation every variety of 
crop can be grown, and at the Barking 
farm we can actually realize in the sum- 
mer season the drainage of London 
transformed into strawberries and cream. 

For the purpose of irrigation one acre 
of land is requisite for every hundred 
persons contributing to the drainage, and, 
when properly conducted, there is no 
nuisance. The only drawback to irriga- 
tion is the difficulty and sometimes the 
impossibility of obtaining sufficient land 
suitable for carrying on the process near 
large towns, and the absurdly high 
prices claimed for such land. This led 
to the experiment of making a given 
area of land do more work. After con- 
tinuous filtration, however, the pores of 
the soil became clogged up, and the 
effluent water consequently not purified. 
The Commissioners therefore availed 
themselves of a well-known property of 
porous matter, its attraction for gases, 
especially for atmospheric oxygen, and 
the great chemical affinity of this oxygen 
for organic matter. Spongy platinum 
possesses this property in a very high 
degree, and they were sanguine enough 
to hope that it might also be possessed 
by porous earth, to an extent sufficient 
to cause the slow but complete combus- 
tion of foul drainage matters. 

Their expectation was not disappoint- 
ed; experiments made upon sewage in 
their laboratory, and afterwards on the 
large scale of Morteve Tydvil, show that 
by bringing air and drainage water 
alternately in contact with the soil, 
rapid, continuous, and satisfactory puri- 
fication was obtained. Indeed, the efflu- 
ent water from the Merthyr drainage 
subjected to this process of purification 
is, chemically, purer than the water sup- 
plied by some of the London water com- 
panies. 

This process is equally applicable to 





the discharges from fibre factories of 
various kinds. It has been carried on 
for three years at Merther Tydvil, where 
the drainage from each 3,000 people has 
been cleansed upon a single acre of 
land. Crops may be also grown upon 
the land so used. 

The Commissioners believe, as the re- 
sult of their inquiries into these remedies 
for organic pollution, that the sewage 
purification of the future will be irriga- 
tion, but for the present, intermittent 
filtration is safer as regards expense. 
Neither process is any nuisance to the 
surrounding neighborhood, but the car- 

ing on of sewage farms by Corpora- 
tions or Local Boards is a thing not 
likely to pay; amateur farming rarely 
does. By the process of intermittent 
filtration the original expense is much 
smaller as regards the quantity of land 
required. In the one case 30 acres are 
required for 3,000 people, in the other 
only one acre for the same number. 

For mining pollution the remedy is 
exceedingly simple, viz., subsidence in 
ge constructed tanks for six hours. 

he resnlt, though not in’ every case 
quite satisfactory, is sufficiently so to 
prove that the amount of mining pollu- 
tion in many of our rivers would, by 
its adoption, be substantially abolished. 
Even in the case of drainage from coal 
washing, the polluting matter after sub- 
sidence was reduced to a very small 
amount. 

These plans would be sufficiently effect- 
ive for the treatment of the chief kinds 
of town, manufacturing, and mining 
drainage. But it is quite necessary, in 
any legislative enactment to secure the 
better treatment of rivers, that there 
should be some definition of polluting 
matter. The Commissioners gave great 
attention to this point, and have pro- 

osed after much deliberation the follow- 
ing definitions of polluting liquids: 

(a) Any liquid which has not been 
subjected to perfect rest in subsidence 
ponds of sufficient size, for a period of 
at least six hours, or which, having been 
so subjected to subsidence, contains in 
suspension more than one part by weight 
of dry organic matter in 100,000 parts 
by weight of the liquid; or which, not 
having been so subjected to subsidence, 
contains in suspension more than three 
parts by weight of dry mineral matter, 
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or one part by weight of dry organic 
matter in 100,000 parts by weight of the 
liquid. ‘ 

(6) Any liquid containing, in solution, 
more than two parts by weight of 
organic carbon, or three parts by weight 
of organic nitrogen in 100.000 parts by 
weight. 

(c) Any liquid which shall exhibit by 
daylight a distinct color when a stratum 
of it one inch deep is placed in a white 
porcelain or earthenware vessel. 

(d@) Any liquid which contains, in so- 
lution, in 100,000 parts by weight, more 
than two parts by weight of any metal, 
except calcium, magnesium, potassium, 
and sodium. 

(e) Any liquid which, in 100,000 parts 
by weight, contains, whether in solution 
or suspension, in chemical combination 
or otherwise, more than .05 part by 
weight of metallic arsenic. 

(f) Any liquid which, after acidifica- 
tion with sulphuric acid, contains, in 
100,000 parts by weight, more than one 
part by weight of free chlorine. 

(g) Any liquid which contains, in 
100,000 parts by weight, more than one 
part by weight of sulphur, in the condi- 
tion either of sulphuretted hydrogen or 
of a soluble sulphuret. 

(i) Any liquid possessing an acidity 
greater than that which is produced by 
adding two parts by weight of real 
muriatic acid to 1,000 parts by weight 
of distilled water. 

(é) Any liquid possessing an alkalinity 
greater than that produced by adding 
one part by weight of dry caustic soda 
to 1,000 parts by weight of distilled 
water. 

(k) Any liquid exhibiting a film of 
petroleum or hydrocarbon oil upon its 
surface, or containing, in suspension, in 
100,000 parts, more than .05 part of 
such oil. 

In any enactment for the correction of 
river pollution, the above standards may 
be safely qualified by the following pro- 
viso: Provided always, that no effluent 
water shall be deemed polluting if it be 
not more contaminated with any of the 
above-named polluting ingredients than 





the stream or river into which it is 
discharged. 

Of these standards the first two are 
by farthe most important—the standards 
referring to suspended matter, and to 
the quantity of organic carbon and or- 
ganic nitrogen which ought to be al- 
lowed to be transferred into streams. 
These supremely important standards, if 
enforced by proper and judicious enact- 
ments, giving sufficient time for manu- 
facturers to carry out improvements 
necessary for the purification of foul 
drainage, would, we believe, abolish 
fully nine-tenths of all the river pollu- 
tion by which our streams are now 
affected in Great Britain. But without 
the enforcing of the first two standards, 
this gigantic and growing evil, which is 
becoming greater and greater every 
year, will not be perceptibly diminished. 

These investigations, extending over 
nearly ten years, show that the rivers of 
Great Britain are, in a very large num- 
ber of cases, fouled and destroyed, not 
only for domestic, but also for manu- 
facturing purposes, so that the extent of 
our manufactures is limited by the inad- 
equate supply of pure water; and no 
people complain more loudly of this pol- 
lution than the manufacturers them- 
selves, and none are more ready to adopt 
judicious measures for removing it. Va- 
rious manufacturers have spoken of the 
value of the streams for them, if purified 
to the extent just specified, some of 
them estimating it at £1,000 per annum. 

On the one hand, while the Commis- 
sioners have established this gross abuse 
of rivers where manufactures and mines 
are carried on, they have, on the other 
hand, very good reason to anticipate 
that a comparatively mild form of legis- 
lation, if firmly enforced, would have 
the effect of restoring many of the rivers 
to nearly their original purity. To make 
them pure for drinking purposes is, per- 
haps, impossible; but it may reasonably 
be hoped that they may become suffi- 
ciently so to delight the eye and to 
repress the pestiferous and sickening 
exhalations which at present affect the 
multitudes of our population compelled 
to pass their lives on the banks of such 
rivers. 
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THERE is an undoubted fascination 
about the science of Aeronautics, that 
has ‘caused large numbers of eminent 
men to devote more or less time to its 
consideration. Practical engineers, who 
have no appreciation for anything that 
does not bring in dollars and cents, laugh 
at this. While from the dollar and 
cent point of view, Aeronautics is a sci- 
ence beneath consideration. Still, in the 
eyes of those less givén to the flesh pots, 
who have an interest in science for its 
own sake, the subject is not without in- 
terest. 

A proper understanding of the laws of 
Aeronautics would enable us to calculate 
the conditions requisite for flight with 
the same certainty as we calculate the 
dimensions of an engine, or a ship, and 
the same certainty would exist in the one 
case as in the others. Nearly all of the 
investigators in this field have endeavor- 
ed to discover the proper proportions of 
a flying thing, without paying any great 
attention to the laws upon which these 
proportions are based. It has been as- 
sumed that the fundamental laws of 
aerial locomotion are so complex as to 
be quite beyond the grasp of the human 
reason, and hence that the best we can 
do is to follow as nearly as possible the 
proportions of natural examples. An- 
other class of investigators have consid- 
ered that the only way to arrive at the 
result was by the means of blind experi- 
ment. 

It is evident, however, that sooner or 
later the mathematics of Aeronautics 
must be considered, and the writer be- 
lieves that their consideration at this time 
will go far toward the practical solution 
of the problem of artificial flight, should 
that solution be proven desirable. 

The whole subject is extremely simple. 
In considering the flight of a bird we 
know that the bird must be supported. 
We know that, such is the mobility of 
the air, that there can be no static trans- 
mission of the bird’s weight to the earth, 
and hence, we know the bird can only be 
supported by the reaction of the air, 
which is given a downward motion by 





the bird’s = Knowing the speed of 
this wing, we know the speed of the air, 
and hence, by the laws of inertia, we 
know the weight that is moved to sup- 
the bird by its reaction. Again, 

rom the wing speed, or the speed of the 
air, we know the power required to be 
exerted by the bird to sustain itself—.e. 
to move per second a given weight of air 
at a given speed. Wemight dismiss the 
subject here as requiring no further eluci- 
dation, as far as the method of investi- 
gation is concerned, were it not for the 
confusion existing in published works on 
Aeronautics in regard to the mathemati- 
cal expression of wing resistance. 

Thus we are told by one writer that a 
man ought to fly with 100 square feet of 
wing—which is simply bosh. 

The expressions for atmospheric resist- 
ance are all expressions of inertia, ex- 
cept where the air is confined within a 
cylinder. We may consider the air as a 
weight in motion arrested in a given time, 
or as weight moved in a given time. 
There is a phenomena, however, connect- 
ed with the movement of planes in air 
that modifies the element of power re- 
quired to move the plane. That is, that 
the power required to propel a plane 
against the air in order to derive support 
from a given plane during a given time 
may be nearly twice as great in one case 
as in another. Thus let 32.16 feet per 
second be the velocity acquired by a 
weight falling 16 feet (one second of 
time)—then, if we take a pound weight, 
moving with this velocity, and arrest it 
in one second, it will exert a force of one 
pound in that time. If we put the 
weight in motion again it will resist by 
its inertia one pound for one second, and 
the power we exert is 16.08 foot pounds. 
Now, premising that 13 cubic feet of air 
weigh one pound under ordinary condi- 
tions, let us repeat this experiment with 
air. First, let the air be moving 32.16 
feet per second. In order that a fixed 
plane shall arrest the motion of one 
pound of air per second, it is necessary 
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The pressure upon this surface is one 
ound, or at the rate of 2.474 per square 
oot.: If now we take the same plane, 

and drive it through still air with a vel- 

ocity of 32.16 feet per second the resist- 
ance is the same. e power required, 
however, is evidently 32.16 foot pounds 
per second. We have seen, however, 
that to put a weight of one pound in 
motion with this speed, only requires 

half this power. Since it is utterly im- 
possible to store different quantities of 
energy in two bodies of equal weight, 

moving with equal velocity, it becomes a 
question how the surplus energy exerted 
in the latter case has been absorbed. 
We find it in the side motion given to 

the air. This is shownin Fig. 1. If we 

move a plane in still air the motion of 
the air is in the direction of the arrows 

—it slides sidewise and flows in behind 
the plane as shown. We know that 

these side currents are equal in their sum 

to the foreward ones, and hence the 
angular motion of the air prevents it 
attaining a foreward speed equal to that 
of the plane—hence the resistance of our 
suppositious plane is not quite one pound. 

By the corrected rule as determined by 

experiment, we find the resistance per 

sq. foot=32.16" x 002288=2.366 instead 
of 2.474. The manner in which a bird 
prevents the formation of these side cur- 


rents, ind thus economizes nearly half the 
energy that would otherwise be required 


for support, is interesting. It will be 





noticed, in Fig. 1, that the side currents 
are bogs and if they could be con- 
nected one would counteract the other. 
The bird accomplishes this feat in the 
following manner: At the same time 
the wing is driven downward, the bird is 
sliding over the particles of air with a 
four-fold speed. A particle of air moved 
by the front edge of the wing takes up a 
foreward as well as a downward motion; 
the bird, however, moving over this par- 
ticle faster than the particle moves for- 
ward, brings the particle at once under 
the influence of the hinder edge of the 
wing, where the side thrust is in the op- 
posite direction : the momentum already 
acquired by the air in a foreward direc- 
tion counteracts this, and by the time 
that momentum is absorbed the wing has 
left the particle altogether. The rear 
half of the wing having to give a force 
to moving air, equal to that given to still 
air by the front edge, the wing must be 
concave on its under face, precisely as 
the face of a propeller should be concave, 
or have an expanded pitch. In thisman- 
ner the motion of a bird’s wing is trans- 
mitted to far larger masses of air than 
would otherwise be possible. The de- 
gree of concavity of the wing depends 
upon the ratio between the wing speed 
and the foreward speed of the bird. 

In considering the effect of foreward 
motion upon wing resistance, we have to 
consider another fact. Although the re- 
sistance to a continuously moving wing, 
is expressed as the inertia of successive 
particles, still, at the first instant of the 
motion a different element exists. Thus, 
in Fig. 2, the movement of the wing 


moves at once a mass of air represented 
approximately by the dotted lines. We 
calculate the inertia of this mass as 
though it were a solid body, and it will 
be noted that its quantity is expressed as 
acube. After that first instant the air 
is moved as before stated, the wing mov- 
ing the first quantity as ‘dead’ air in 
front and behind. It is to this dead air 
only that increased wing support while 
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the bird is moving forward is due; this | then the resistance to the wing is the in- 
is shown in Fig. 3 and Fig. 4. In Fig.|ertia of the mass of aira,d,c,d. Then 
3, where we consider only the impact of | let the same wing move foreward to ¢, /. 
air upon the wing, disregarding the dead | As it descends, there is no increase of re- 
air, let the wing a, 6, sweep down to ¢, d, | sistance for a, 6,c,d is equal to a, }, ¢, f. 
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In Fig. 4, however, where the action of | clearly that this phenomena plays an im- 


the dead air is considered, adh mne is 
very much greater than a, b,c, d, e,f. 


rtant part in flight, by enabling the 
ird to move the air substantially as a 


When we come to consider the facts re-| solid body is moved. 


lating to the flight of a bird, we will see 
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mathematical method of analysis to the 
solution of the problem of flight, we 
wish to discover from a given example— 
Ist, the power required for flight ; 2d, 
the weights of air moved. 

We find in Pettigrew’s work upon 
“ Animal Locomotion,” p. 134, the fol- 
lowing data upon the gannet. We as- 
sume the foreward speed : 


Weight of bird, 7 lbs. 
Length of wing, 2 feet. 
Area of both wings, 435 square inches, 





Following out the idea of applying the 


Foreward speed of bird, 20 miles per 
hour. 

Number of pounds weight to each 
square foot of wing, 2.3 lbs. 

Down beats of wing per minute, 150. 

Mean effective width of wing, about 
7 inches. 


Power of Bird. 


Since the ordinary are of vibration of 
wings is about 60°, we see from the above 
data that the centre of percussion of the 








oS 6 wh ie eR ew 











AERONAUTICS. 


543 





wing moves at the rate of 500 feet per 
minute. The bird being supported by 
the wing, there must a force of 7 
pounds exerted constantly upon the air, 
or 14 lbs. for half the time, or 21 Ibs. 
for 4 the time, &c. Hence the power 
exerted by the bird is 500. x 7.=3500 
foot pounds per minute. This is the 
power exerted, both for support and for 

ropulsion, for, the observed wing speed 
includes both elements, since the weight 
of the bird furnishes the “fulcrum” for 
propulsion as well as for support. In 
other words, a bird is propelled not by 
a rowing action of its wings, but by the 
force of gravity acting upon an in- 
clined plane furnished by the wings. 
There could be no rowing action of the 
wings unless the wing speed exceeded 
the foreward speed, whereasit is less than 
one-third as great. The greater the in- 
cline, the more rapid must be the wing 
motion, since support is only given by 
the wing descending faster n the in- 
cline. The degree of this incline is not 
great as we see as follows : 


At a foreward speed of 20 miles per 
hour, the atmospheric resistance to a flat 
plane is 1.97 lbs. per square foot. The 
shape of the bird must reduce this to at 
least .6 Ibs. per square foot, for we know 
that in well built ships the resistance is 
only one-ninth that due to this cross-sec- 
tion. The cross-section of the gannet 
being taken at one foot, we see the re- 
sistance is only xs Ibs., and the angle of 
incline to overcome this is, therefore, 6 
to 7 only the downward speed of wing 


ge is 4 6 
due to this incline is 1760 z= 150 feet 


per minute, leaving an actual downward 
speed of air of 500—150=350 feet per 
minute. The absence of exact data as 
to what the foreward resistance of the 
air really is leaves this result somewhat 
doubtful, but the estimate is probably 
very close. The exact figures could be 
obtained by observing the thrust of the 
wind upon a bird suspended with out- 
stretched wings. : 

By observing a bird in flight, it will 
be observed that the bird derives a con- 
stant support, since it does not rise and 
fall in flight to any great degree. Hence, 
the wings support the bird both in rising 
and falling, and, as a consequence, the 
air is driven down in a constant stream. 


In rising the wings must support the 
bird by a kite like action, and this must 
reduce the foreward speed. On the 
down stroke the speed must be restored, 
and since the last speed isequal in terms 
of energy to the energy required for 
support during the down stroke, the air 
on the down stroke must be driven back- 





deune with a velocity equal to its down- 


ward velocity. These horizontal move- 
;ments do not cause any variation in the 
down speed of the air, else the bird 
would oscillate in a vertical line—neither 
do they cause any variation in the state- 
ment of the power of the bird—the bird 
merely, instead of supporting double its 
weight for half the time, stores, in its 
momentum, on the down stroke, an en- 
ergy equal to that required for support 
during that time. The variation of the 
angle of wing to do this is about 6° 
when the bird is moving 20 miles per 
hour. 


Weight of Air Moved. 


The movement of air being, as we have 
seen, 350 feet per minute, or 6.8 feet per 
second, we find that it is moved at a 
speed in relation to gravity represented 


6.8 
by 3210 and hence the total amount of 


air in cubic feet moved by the bird must 


. 32.16 X 7X13 


. 6.8 


sec. 


The wings being 6 feet from tip to tip, 
and the foreward speed of the bird be- 
|ing 29.3 feet per second, we have for the 
thickness of the strata of air moved 
430.4 
29.3 X6 


=430.4. cubic feet per 





=2,448 feet. 


Here, we have a 7-inch wing moving a 
strata of air 27 inchesthick. This effect 
is due solely to the curve of the face and 
the rapid foreward motion, resulting in 
a purely down force, practically without 
side currents. 

It will be interesting to compare this 
result with those obtained from the 
heron: a bird of half the weight, but 
with nearly the same wing as the gannet 
—we credit data to the same work : 





Weight of bird, 3} Ibs. 
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Tip to tip of wing, 53 feet. 
Down beats per minute, 60. 
Speed, 20 miles per hour. 
ean width of wing, 9 inches. 
The power exerted by the bird is then 


20x 19054 _ 460 foot lbs. per minute. 


Speed of the centre of percussion of 
wing, 3.33 feet per second. 


If we subtract from the apparent 
speed one-third as approximately repre- 
senting the angle required for propulsion, 
we have for the mass of air moved per 


second 


32.16 X 3.25 X13 
2.22 


=6.12 cubic feet. 





The thickness of strata is 


5.75 XK 29.3 
— it =3.6 feet. 


Here we see that while a 7-inch wing 
moved a strata 27 inches thick, a 9-inch 
wing moves a strata 43 inches thick. 


A consideration of Fig. 2 indicates 
that if the air could be renewed instantly 
beneath a wing, its effiviency would be 
as the square of the breadth. In the 
case under consideration, however, it is 
evident that the efficiency is directly as 
the breadth, hence the depth of air mov- 


ed by the heron should be x 27 = 84.7 
‘ 


inches. A very slight variation in the 
angle required for propulsion in the data, 
so as to allow the air to be moved down 
with a velocity of 2.78 feet per second, 
instead of 2.22 feet, would make the 
efficiency of the two wings directly as 
their breadths.* — It is likely that a more 





* It will be understood that the foreward motion of the 
birds, being a pure assumption, the results of this article 
are subject to correction when the actual speeds are de- 
termined for the given wing beats. 





careful rate of wing speeds would estab- 
lish some such law. e precise deter- 
mination of this point depends upon the 
accuracy of data in regard to speed of 
flight, weight of bird, area of wing, and 
speed of wings. 

It is evident that the power required 
for support is inversely as the velocity, 
and the power for propulsion is as the 
cube of the velocity. From this it fol- 
lows that there is a certain speed where 
the least exertion is required to maintain 
flight. These facts indicate that flying 
machines should be of the least possible 
cross-section, and should be specially de- 
signed to offer the least possible resist- 
ance to a foreward motion. 


No human being can ever fly by mus- 
cular exertion, for the gannet, weighing 
14 Ibs. exerts in flight nearly the power 
ofaman. Taking the extreme power of 
a man at 200 pounds lifted 2.5 feet per 
second—a power that could not be main- 
tained for more than a few seconds, we 
find the cubic feet of air required to be 
moved at this rate per second to support 
200 lbs. thus 


32.16 X 200 X 13 
2.5 





=33444. cubic feet. 


Stringfellow’s steam-flying machine had 
thrice the power of the gannet, more 
wing surface than the heron, and weigh- 
ed but 12 pounds—yet it could not fly 
because its edge resistance limited its 
foreward speed, or rather because the 
edge resistances largely exceeded the 
driving surfaces. better piece of 
mechanism, or a worse piece of engineer- 
ing probably never was constructed. It 
had three square feet of sustaining sur- 
face for each pound weight, and power 
enough to lift itself at the prodigous 
rate of 14 feet per second. Nothing 
could furnish a better illustration of the 
point we wish to make, and that is, that 
crude experiments can never take the 
lace of mathematical investigation, even 
in Aeronautics, 
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Wirnin the last twenty years the 
meaning of the term steel has undergone 
a great change. Dictionaries defined it 
a8 Iron containing a small proportion of 
carbon, and Dr. Percy repeated the 
same definition, giving 0.5 to 0.65 per 
cent. of carbon as the limit at which iron 
passed into steel. Such a material was 
not, however, what was meant by steel 
boiler plate or a steel rail. The steel of 
a boiler plate contained less carbon than 
many samples of wrought iron, and was 
equally soft and ductile. The difference 


Percentage 
0.2 to 0.35 | 


Series of 


0 to 0.2 | 


Ordinary irons. Granular irons. 


THE MANUFACTURE OF STEEL.* 


From “ Engineering.” 


between it and wrought iron was, that 
it had been melted and cast into a mal- 
leable ingot. This new use of the term 
steel had grown out of the great increase, 
of late years, of the production of cast 
steel of all kinds, almost to the exclusion 
of other varieties of highly carburetted 
malleable iron. 

Steel might then be defined as any 
variety of iron that was cast into a mal- 
leable mass; and the two parallel series, 





Steel irons or soft pud- 


the irons and the steels, might be classi- 
fied as follows: 


of Carbon. 
0.35 to 0.55 | 


the Irons, 


0.55 to 1.50 or more. 


Hard puddled steels. 
Cemented steel. 
Styrian steel. 


dled steels. 


Series of the Steels. 


Extra soft steels. | Soft steels. | 


Steel was made by producing a melted 
alloy of iron, containing a smaller pro- 
portion of carbon or other hardening 
elements than cast iron. 

Practical steel-making processes were 
of three kinds: 

(2) Fusion in crucibles, producing 
crucible steel. 

(5) Blowing air through melted cast 
iron, producing Bessemer steel. 

(c) Fusion on the open hearth of a 
reverberatory furnace, producing Sie- 
mens or Siemens-Martin steel. 

Fusion in crucibles was the simplest 
and oldest mode of making steel, and 
had been practised by the Hindoos from 
a remote period. In the Hindoo pro- 
cess, wrought iron was melted in small 
crucibles, with one-tenth of its weight of 
dried wood, producing a very hard steel, 
with upwards of 1.6 per cent. of carbon. 

It did not appear that any mode of 
making true steel was known in Europe 
before the last century. Reaumur an- 
nounced, in 1722, that he had made 
steel by melting together from one-fourth 
to one-third of malleable iron, with cast 
iron, in a common forge; and Hunts- 
man, between 1750 and 1770, succeeded 





paper read before the Institution of Civil Engineers 


Half soft steels. | Hard steels. 


in making steel by melting cemented or 
converted bar iron. Since Huntsman’s 
time the processes of crucible steel melt- 
ing had been improved only in points of 
detail, and by the trial or practical use 
of all the different materials for melting 
that an advancing knowledge of chem- 
istry had suggested as capable of pro- 
ducing steel. Malleable iron was melted 
by itself, if it was of the hardness 
needed to produce the required quality 
of steel, or it was mixed with carbon or 
cast iron, if too soft, or with oxide of 
iron or of manganese, if too hard; and 
spongy reduced iron, or iron ore, was 
melted with carbon or with cast iron. 

The two principal types of modern 
pot-steel furnaces were the pot-hole, 
fired with coke, and the regenerative 
gas furnace. 

Each coke hole held two crucibles, 
and was a simple rectangular chamber, 
open above, and communicating near 
the top with a large main chimney flue. 
The tops of the furnaces were level with 
the floor of the shop, and the grates 
were accessible from the cave below. 
The pots lasted three rounds, and held 
from 50 Ibs. to 70 lbs. the first round, 
and from 5 Ibs. to 10 Ibs. less each time 
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they were charged. The consumption 
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of fuel was about 3 tons of coke, equiva- | constituents, whose proportions affected 
lent to 44 or 5 tons of coal, per ton of | the heat developed, were silicon, manga- 
steel melted. nese, and carbon, more particularly sili- 

The regenerative gas furnace, for cru-| con and manganese. The loss of weight 
cible steel-melting, was a long trench, | in the process varied from 9 per cent. to 
divided by cross walls into two, three, or| 15 per cent. or more. The output of a 
four sections, each holding six pots.) pair of 5-ton converters had been in- 
The pots rested on a bed of coke-dust, | creased, by improvements in the mode 
spread over the bottom of the melting| of effecting their repair so as to keep 
chamber. The saving of fuel effected|them more constantly at work, from six 
by the gas furnace was very great, 30|heats in twenty-four hours, or thirty 
cwt. of small coal, per ton of steel, doing | heats producing 150 tons a-week, up to 
the work that on the other plan required|a possible make of forty-five to fifty 
8 tons of coke. | heats in twenty-four hours, or in a week 

Pot steel was looked on as the highest | of ten turns above 1,100 tons of ingots. 
quality for all purposes. To some ex-| The melting of steel on the open-hearth 
tent this was the result of habit, as pot} had long been a favorite dream of in- 
steel was the oldest and best known va-| ventors; but it was not until the regen- 


riety; but it had also two advantages 
over other qualities — first, it was or'| 
might be made of purer materials, as) 
the metal used was originally brought 


into the state of malleable iron, and this 


was a process of purification, removing 


the greater part or the whole of the 
sulphur and phosphorus; and, secondly, 
it was generally more “dead melted ”— 
the ingots cast from it were more free 
from honeycomb—than those of the 
same quality made in other ways. 

The Ressemer process, that of blowing 
air through melted cast iron, produced 
by far the largest quantity of steel now 
made. The temperature of the cast iron 
was raised rapidly, by the combustion 


of the accompanying silicon, manganese, | 


and carbon; and the blowing was either 


stopped when steel of the required hard-| 


ness had been produced, or it was con- 
tinued until nearly the whole of the 


carbon-had been removed, and carbon | 
and manganese were then restored to) 
the metal by adding spiegeleisen. The | 


former plan was only applicable where 


the cast iron employed contained so} 


erative gas furnace gave the ready com- 
mand of a sufliciently high temperature 
that any open-hearth steel-making process 
became a practical success. Two princi- 
pal types of open-hearth melting fur- 
naces were now in use: the ordinary 
furnace, with a fixed bed, and the Pernot 


‘furnace. The Pernot furnace differed 
from the common form, in having the 


bed circular, and arranged so that it 
might be rotated on an axis inclined at 
an angle of 5 deg. or 6 deg. to the verti- 
cal. ‘The effect of this rotation was that 
every part of the bed, and all unmelted 


_pieces of steel or iron, were alternately 


exposed to the full heat of the flame 
and dipped into the liquid bath. 

The open-hearth steel- making pro- 
cesses might be grouped as: (a) The 
Siemens - Martins or scrap processes. 
(6) The Siemens or pig iron process. 

In the Siemens - Martin process, as 
generally carried out, a bath of melted 
pig iron was first formed on the bed of 
the furnace, and iron or steel scrap was 
put into it in successive portions, until a 
sample taken out and quenched in water 


much manganese that 0.1 to 0.3 per cent. | was found to be sufficiently soft. From 
remained in the steel, as without that|6 to 9 per cent. of spiegeleisen was then 


proportion of manganese the metal was | 
not forgeable; and it was thus confined | 


to Sweden and Germany, as few varie- 
ties of English, French, or American pig 
iron contained manganese in sensible 
quantity. The Bessemer blow lasted 
from five or six minutes to twenty, 
thirty, or more, and the heat attained 


depended on the quickness of the blow, | 


the quantity of metal treated at one 
time, and its chemical composition. The 


added, and as soon as this was melted, 
the charge was tapped out. The time 
taken to work a 5-ton or a 6-ton charge 
was from nine to eleven hours; 65 tons 
to 70 tons of ingots per furnace being a 
fair week’s work. The loss was 4 or 5 
per cent., and the coal used was 13 cwt. 


| or 14 cwt. per ton of steel made. 


_ In the Siemens process 5 tons of pig 
iron were charged on the bed of the fur- 
nace, and, when melted, iron ore was 
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added until the metal was nearly soft| believe that snch metal contained oxy- 
enough for spiegel; 20 cwt. to 24 ewt. of | gen. The percentage of manganese re- 
ore were required for a 5-ton charge, | quired was dependent on the amount of 
and of the metal contained in the ore| sulphur in the metal. Steel for rails, 
about one-half passed into steel, so that | with less than 0.04 per cent of sulphur, 
the yield of ingots and scrap was gener- | did not hammer satisfactorily if the pro- 
ally 1 or 2 per cent. more than the| portion of manganese was less than 0.2 
weight of pig iron and spiegel put in.| per cent.; if it contained 0.08 per cent. 
The weekly make of a furnace was | of sulphur, it should haye at least 0.3 
about the same as in working scrap, and| per cent. of manganese; and with as 
the consumption of coal was 14 cwt. to|much as 0.12 per cent. of sulphur it 
15 ewt. per ton. would hammer, if it contained not less 
The working of the Pernot furnace} than 0.4 per cent. There was no evi- 
differed in many points from that of the | dence that sulphur was removed in any 
fixed furnace. In melting pig iron and| process of steel-making. 
scrap, the pig was first charged over the| The red-shortness of steel, which was 
bed, and the scrap upon it. The fusion | diminished or prevented by manganese, 
was very rapid—five charges, of 44 tons| must be distinguished from the tendency 
each, being made in twenty-four hours; | of the metal to give off bubbles of gas 
and as the coal used was no greater in| at the moment of setting, so that the 
quantity per day than in a fixed furnace,|ingot was spongy or honeycombed. 
it was less than half as much per ton.| Both were forms of unsoundness, and 
At Allevard, pig iron alone was worked, | either greatly diminished or destroyed 
and a 5-ton charge, with the addition of | the value of the metal; but in other re- 
7 to 8 per cent. of hammer scale, was|spects they were essentially different. 
brought to the condition of steel in five | Silicon was capable of replacing carbon, 
hours. |to a great extent, as a hardening ele- 


Another method of open-hearth steel-| ment, but the hardness produced by it 
making was that of Mr. Blair, of Pitts-| was coupled with more brittleness than 
burg, U.S. A.; the reduction of iron ore| 


that due to carbon; and its presence, in 
to sponge, and the fusion of this on the|a proportion exceeding 0.1 and 0.2 per 
open-hearth. For localities where char-| cent. in steel for rails, was looked on 
coal and rich pure ore were at hand, this | as unsafe. 
method seemed likely to have an import-| Phosphorus, like silicon, hardened 
ant future, but it was as yet on trial. | steel and rendered it brittle, but it was 
The effect of different proportions of} much more injurious, and more difficult 
foreign substances on steel was a subject | to remove from the metal, if present in 
of great importance. The elements|the ore. Malleable iron, practically free 
whose presence was known to have an|from phosphorus, might, however, be 
influence on the properties of the metal | obtained from impure pig iron by pud- 
were carbon, silicon and phosphorus, sul-/ dling it thoroughly, and at a high heat, 
phur and manganese, copper, tungsten,|as had been done by Mr. Crampton; or 
and possibly titanium and chromium. from impure ore by heating it directly 
The effect of the presence of carbon had | in admixture with coal by Dr. Siemens’ 
long been recognized. The necessity for| process. A third mode of ‘obtaining 
manganese in steel, to prevent red-short-| wrought iron free from phosphorus was 
ness, was less generally acknowledged. |that of Mr. Henderson—the action of 
A common belief was that red-shortness| fluor spar on the melted metal in the 
was due, at least in the case of Bessemer | puddling furnace. The proportion of 
steel, to the presence of oxygen. Besse-| phosphorus that might be combined 
mer steel impregnated with 0.1 per cent. | with steel, without the latter becoming 
of carbon, or less, no doubt contained | sensibly brittle, depended on the per- 
oxygen, but it was at the same time free | centage of carbon and silicon. The best 


from manganese ; and it was impossible 
to say to which condition the effect 
might be due. Harder steel, however, 
was equally red-short, if it was free from 
manganese, and there was no reason to 


steel contained little or no phosphorus, 
not more than 0.01 or 0.02 per cent.; but 
steel containing much more than this 
might be good enough for ordinary pur- 
poses, if the percentage of carbon were 
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diminished as that of phosphorus be- 
came greater; until, when the carbon 
was kept down to 0.16 per cent., steel 
containing 0.3 per cent. of phosphorus 
would yet make serviceable rails, and 
that containing 0.15 per cent. would 
make excellent tough boiler-plates, which 
might be bent double when cold, after 
being heated to redness and quenched in 
water. In using materials nov very free 
from sulphur, an amount of at least 0.3 
or 0.4 per cent. of manganese was re- 
quired in the steel to make it forgeable, 
and this could only be incorporated, 
without raising the percentage of carbon 
above 0.15 or 0.18 per cent., by adding 
ferro-manganese, an alloy of iron, man- 
ganese, and carbon, containing 40 to 60 
per cent. of manganese. Such an alloy 
was now regularly manufactured at 
Terre Noire, and its production at a low 
price would be the greatest advance in 
the manufacture of steel that could be 
looked for, as rendering it possible to 
make good serviceable steel from inferior 
materials. The other elements believed 


to affect the properties of steel were of 
minor importance. 
In making steel rails, there was much 


difference of opinion on the question, 
whether it was better to hammer the 
ingot down into a bloom, or to cog and 
roll it direct. The objection to cogging 
was, that the rolls tore the metal, but 
many engineers maintained that they did 
not. The difference was probably, to a 
great extent, due to the varying condi- 
tions under which cogging was done. If 
the cogging rolls were of small diameter 
and had too much draught, and it was 
attempted to reduce the ingot too much 
in size at each pass, the tendency to tear 
the metal was very great; but if the 
rolls were large, and the reduction in 
size attempted in each of the first two or 
three passes was small, the tendency to 
tear was slight. The forms of mill gen- 
erally used for rolling steel rails were 
the 2-high reversing mill, the English 
and American arrangements of 3-high 
mill, the 4-high mill, and Brown’s mill. 
In each, the object was the same, to 
increase the rapidity of working, so as to 





get a greater output, and to roll each 
rail more quickly, that it might not 
have time to get cool and hard before it 
was finished. For rolling plates, Lauth’s 
8-high mill was coming much into use. 
In this, the middle roll was of small 
diameter and ran loose, being driven 
only ‘by the friction of the large roll 
against which it bore. 

The knowledge of the relative proper- 
ties of varieties of steel of different 
chemical composition, and of the effect 
of different modes of treatment, was 
much less exact than might be supposed 
from the number of experiments that 
had been made. The majority of these 
showed only that a certain bar of metal 
possessed certain properties. There was 
rarely an analysis of the steel tested, or 
a statement of its physical condition. 

An interesting point, lately brought 
forward, was the effect of quenching in 
water on the very soft steel used for 
boiler-plates. Plates of this steel were 
stiffened, and their tensile strength in- 
creased, by sudden cooling; but at the 
same time the metal was much toughen- 
ed, so that a piece of it treated in this 
way might be bent up more closely, 
without cracking, than in its untoughen- 
ed condition. This result was in harmo- 
ny with what had long been known, as 
to the extent to which somewhat harder 
steel was toughened by cooling it, rather 
less rapidly, in oil. 

An important characteristic of steel 
was the greater extent to which its 
strength was diminished, than was that 
of wrought iron, by notches, holes, or 
other irregularities of form, causing a 
sudden variation in the section of a part 
under strain. This difference was espe- 
cially important as affecting the strength 
of steel rails, and the extent to which 
they were weakened by punching and 
notching. The present practice was to 
sacrifice extreme hardness and durability 
in rails in favor of safety; rails were 
made of almost the toughest metal ob- 
tainable; and when this had been done 
théir strength was reduced to one-tenth 
or one-twentieth of its normal amount 
by notches and holes cut in them. 
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RECENT [IMPROVEMENTS IN THE MANUFACTURE OF 
PEBBLE-POWDER. 
NO. 2. 
By Major J. P. MORGAN, R.A., Assistant Superintendent, Royal Gunpowder Factory, Waltham Abbey. 
“ Journal of the Royal United Service Institution.” 
Berore closing the work of 1872,I| The hopper described was brought 
may give the following examples of the| into operation in January, 1872, and the 
firing of mixtures of Waltham Abbey/| following are some of the mixtures made 


powder to show how satisfactorily the} with it: 
system of mixing has worked. 
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These are some of the results which 
are calculated to delight the heart of a 
powder-maker, and prove that a patient 
continuance in well doing is sure to be 
rewarded. We may take for granted 
that not only is the mechanical system 
of mixing in use at Waltham Abbey a 
perfect success, but that the method of 
testing the powder is not only consistent 
with itself, but calculated to produce 
one of the prime requisites of good pow- 
der, viz., uniformity of results. 


A system of mixing powder similar to 
. 
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that just described, is in use at Wet- 
teren, though at first it was not quite so 
perfect as the plan at Waltham Abbey. 
At Wetteren, the powder when finished 
is stored in large bins, and, when a 
batch of powder has to be made up for 
shipment, a small portion is taken from 
each bin for every barrel. Were the 
bins uniform, this system would be per- 
fect. I believe, of late, attention has 
been given to insure uniformity of the 
powder in the bins, somewhat after the 
plan in Waltham Abbey. The following 
proofs are given of Wetteren powder: 
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That to produce uniform powder is by 
no means an easy matter, the proofs of 


the following lots of pebble supplied by 
Messrs. John Hall & Son will show: 





Experiment. 


Pressures. 
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These samples are not given to show 
any inferiority of manufacture by Messrs. 
Hall & Son, but simply to illustrate the 
variations powder is capable of exhibit- 
ing, even when the manufacturers may 
be satisfied as to its uniformity. Messrs. 
Hall & Son were unfortunate in their first 
attempts to manufacture pebble, but 
they afterwards succeeded to a degree 
that has not left them inferior to any of 
the other manufacturers. The powder 
supplied by them, as a rule, exhibits low 





pressures in comparison with the veloci- 
ties. Their powder is cut on the princi- 
ple in use at Waltham Abbey, but the 
machinery is different. They pass the 
cakes through the same sort of cutting 
rollers or through a guillotine machine. 
In order to convey the cakes from the 
first to the second cutters, they press 
each cake between two sheets of can- 
vas. These sheets of canvas hold the 
strips together after passing the first 
cutters. The whole cake is in this state 
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turned by hand through a quarter circle 
and passed through the second pair. 
This plan is rather more troublesome and 


but it is equally efficacious. 
The Kames Gunpowder Company also 





Samples 
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| 

| at first experienced considerable difficulty 
|in producing good pebble, as the follow- 
|ing proofs will show: 

expensive than that at Waltham Abbey, | 


Dates of proof, 19th and 20th March, 


1872. 


Experiment. 








tee et et et et et et 





The difficulty at Kames this period 
was to get sufficient velocity, and it was 
not till after a visit had been paid to 
Waltham Abbey that they succeeded in 
mastering the difficulty. In their opinion 
the powder they afterwards made, and 
which readily passed the specification, 
was inferior to that of which the 
proof has been given; by which I under- 
stand that it was not so thoroughly 
incorporated. I hope further on to give 


and 
and 
and 
and 
and 
and 
and 
and 
and 
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some experiments made at Waltham 
Abbey, which confirm this opinion. 


Messrs. Curtis and Harvey supplied 
two sorts of powder, one, as I have 
stated, broken up by the ordinary gran- 
ulating machine, the other consisting of 
pressed pellets, afterwards broken in 
two. The latter powder was found to 
give very good results when fired, as 
shown in the following proofs: 





Experiment. 
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None of the whole pellets, whether 
made by the trade or at Waltham: Ab- 
bey, have ever succeeded in giving re- 
sults at proof equal to those obtained 
with pebble, and it seems strange that 
the simple fact of splitting them in two 
should have such a_ beneficial effect. 
The reason is pretty well understood to 
be that pressed surfaces are not so 





readily or regularly inflammable as 
broken surfaces. The mere fact, there- 
fore, of splitting the pellets furnishes 
two broken surfaces which the pellets 
would not otherwise possess. 

The following proofs of Curtis’ and 
Harvey’s pebble show that though, as a 
rule, their powder is very uniform, they 
cannot always supply the same sort: 
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Experiment. 
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Messrs. Pigou & Wilks had consider- 
able success In meeting the requirements 
of proof as regards velocity and pres- 


sure. The following samples of proof 
are given: 
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From what has been said, it will be| 
seen that the manufacture and proof of 
pebble - powder had very greatly im- 
proved during 1872. Density, velocity, | 
and size of grain had all increased, and 

ressure had materially diminished. 

he importance of velocity and low 
pressure need not be explained, but it 
may be stated that increase of density is 
an advantage, not only in improving the 
keeping qualities of the powder, but 
also in making it pack into smaller bulk, 
and that increase of size of grain appears 
to be the best known cause for facilitat- 
ing the uniform ignition of the whole 





charge, and thus preventing those wave 
pressures which occur with smaller grain 
powder, and which are so very detri- 
mental to the projectiles and powder 
chambers of the guns. Other things 
being equal, the larger the grains that 
can be used, the larger the charges 
which can be employed with advantage. 

It will be noticed also that, instead of 
the year closing as did 1871, with low 
velocities, the difficulty is now to keep 
down the velocity. The beginning of 
1873 shows no alteration in this respect, 
as the following new year’s gift will 
prove: 





Pebbles 
to 


Experiment. 








11b. Date. 


No. 
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Colonel Younghusband tried some ex-| namely, milling. Four samples of shorter 
periments in order, if possible, to bring| milled powder were accordingly made in 
down the velocity, without leaving an| different mills and under different circum- 
undue amount of moisture in the pow-| stances. 
der. The first means of doing so that} They were made from the charcoal 
naturally occurs to a powder-maker is| then in use, pressed as usual 154 inches, 
to dispense, to some extent, with the} and dried 36 hours at 135° Fah. The 
most important of all the operations, | following is the result of proof: 





Pebbles | Experiment. 
to | : 
1 Ib. Date. No. 


Stoving Density. | Moisture. 








| 
| 9/1/78} 221 
“ec 999 
| ~aw 
| “ | 928 
« | 984 


gO NO Oo 0O 


CO So Ot 
norco 





It will be observed that the density is| periment was therefore repeated with 
low as compared with powder then | powder pressed rather more—15}4 inches 
manufactured, and also that the moisture |—and dried 36 hours at 125° Fah.: 
shows the powder to be dry. The ex-| 
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There is some improvement in the|charred, a well-recognized method of 
pressures, but evidently not much, in| reducing the violence of gunpowder. 
the velocity. The experiment was again| The samples were pressed 15% inches, 
repeated with charcoal more highly | and stoved as in the last case: 
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Evidently there is no improvement |still more, 154 inches, and stoved only 
yet, but four othér samples were tried|24 hours at 125°, with the following 
made with ordinary charcoal, pressed ! results: 
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| 
Pebbles 


Stoving. | Density. | Moisture. 


Experiment. 


Pressure. 
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I have given these samples at some 
length, because it was now that I fan- 
cied I saw into the secret recesses of 
pebble-powder and its mode of action. 
The whole question seems to me to lie 


in the porosity of the grains. The more | 


porous the grains, the more violent will 
be the action. It is a case exactly simi- 


lar to that of large interstices in large | 


charges. If the grains be large it matters 
little if they be porous, for the pressure 
of the gas in the powder-chamber will 
force the flame into the very heart of the 
grains, and hence the very violent action 
of 2A, powder. Now, it follows that 
anything which adds to, or takes from, 
the porosity of the grains during manu- 
facture will have a corresponding effect 
at proof. It was to mea very remark- 
able fact that as summer advanced the 
tendency both with large and small- 
grain powders was for the density to 
increase. The presses had to be contin- 
ually altered so as to press less and less 
in order to give the required density. 
No doubt this is due to the fact that the 
incorporating or milling is more perfect 
in summer than in winter, a fact well 
known to manufacturers. 

The more milling the powder receives, 
the more pasty it becomes, so much so 
that with fine-grain powder, where long 
milling is used, the powder on the beds 
of the mills has a tendency to adhere to 
the runners. This pastiness has the 
effect of rendering the powder more 
compact and easily pressed. The oppo- 
site effect, of course, takes place with 
shorter milled powder. It will not press 
so close together, and will be less dense 
and more porous than the powder longer 
milled. ‘This accounts for the low densi- 
ties of the 3/1/73 samples. It also ac- 
counts for their more than usual dryness, 
for, if the powder be porous, the more 
readily will it part with its moisture. 

The same remark applies to 25/1/73 
samples, for evidently both sets have 





been dried sufficiently, and part of the 
moisture is to be regarded as what the 
powder has re-absorbed after stoving. 
The 3/1/73 samples being less dense, 
though they have been more dried at 
first, may, at the time of being tested 


for moisture, have absorbed more mois- 


ture than the 25/1/73 samples which 
are denser. The amount of moisture, 
however, in powder gives very little 
idea of what may be expected at proof. 
This I had long known, and a very short 
inspection of the samples already given, 
will show that this is the case. The 
reason of this, however, was now plain 
to me; for evidently the powder must 
dry from the surface to the centre, and 
probably in the centre of each grain 
there is a considerable portion which re- 
ceives little drying. The average amount 
of moisture will therefore be determined 
by the amount of moisture which was in 
the powder before stoving, and will give 
but little idea of the amount of dryness 
of the outer portions of the pebbles, 
which have the most important effects 
on the proof. 

The 8/2/73 samples admit of ready ex- 
planation on the same principles. Though 
more pressed, the density is again lower. 
The grains of charcoal, being harder, 
will still more refuse to incorporate, and 
will make the powder more brittle and 
less pasty, which wlll manifest itself in 
the density at pressing. 

The 6/3/73 samples show the old 
tendency to low velocities. Comparing, 
however, these samples with powder 
made at the same period in 1871 and 
1872, which was dried the same amount, 
it appears that the densities then were 
less, and consequently the rule still holds 
good, 

With fine-grain powder, long milling 
and slack-burned charcoal increase the 
velocity obtained at proof, but with peb- 
ble the reverse holds good, and here we 
have an exact parallel to the case of 
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fine-grain and large-grain powder in| which were pressed with as much as 
large charges. With fine-grain powder|three tons to the inch, were found to 
in small charges, the charcoal probably | be very violent even in field guns. A 
has not time to seek its oxygen unless it | certain amount of moisture must there- 
be brought very intimately in contact/fore be in the powder when milled and 
with it; but in large charges, where the | pressed, in order to make it pack to- 
time of explosion is necessarily much gether; but if this amount is exceeded, 
longer, owing to the great resistance of the results are prejudicial, and, with 
the shot, time is not so great an object, | pebble-powder, instead of mitigating the 
and the great heat may release the oxy-| violence, rather increase it. No doubt, 
en much more effectually and rapidly. | if the powder be not properly dried, the 
t is probable also that each small parti- | moisture has a moderating tendency, and 


cle of charcoal may require a certain 
time to burn, and there may be ample 
time in large charges, but not in small 
charges, unless the particles are pulver- 
ized considerably by long milling. It is 


well known that a “ mixed charge ” will | 


only just flare up if fired in a smail 
quantity, but if it be fired in bulk the 
result is an explosion. This explains the 
observation I made with regard to the 


| I think this is the reason which has given 
rise to the crystalline theory. If, how- 
|ever, the powder be thoroughly dried, it 
| has always been found that with moisture 
‘over a certain percentage—about 44 or 
|5 per cent.—it is much more difficult to 
'geta high density. I think this and the 
/more violent action at proof are caused 
| by the moisture in forcing its way from 
|the interior of the pebbles, forming 


Kames pebble, for, if that firm over-| porous channels, which not only swell 
milled their powder with the idea of | the powder, but also leave passages for 
getting up the velocity, from the ob-|the flame to penetrate more readily into 
servations I have made, it will be seen/the interior. If too much moisture be in 


that it would produce the opposite effect. | the powder when pressed, the water can 
Another observation may be made|be seen to be squeezed out, showing that 
with regard to the manufacture of peb-|the extra amount can produce no good 


ble-powder bearing on the same point. | effects, and must, if confined, prevent a 


Powder when incorporated in the mills 
usually has a certain percentage of 
moisture in the charge with a view of 
aiding the incorporation. Fine-grain 
powder is usually worked with about 3 
per cent. of moisture, but pebble with 
from 34 to 6 per cent. An explosion of 
fine-grain powder with 3 per cent. of 
moisture is very violent, and generally 
destroys the building; but, with pebble- 
powder and 5 or 6 per cent. of moisture, 
the explosion does little or no damage. 

It is, therefore, a great advantage to 
work with as much moisture as possible. 
Some have thought that the more mois- 
ture in the powder when milled and 
pressed, the more moderate will be the 
results of proof, and that this is due to 
a sort of hard and crystalline texture 
which the powder thus assumes. I do 
not believe in this theory, and certainly 
the results of proof do not bear it out. 


It is true, no doubt, that powder if too | 
dry will not pack well together, even if | 


pressed with a very high pressure, and 
this was found to be the case in the 
earlier experiments to obtain powder for 
heavy guns, when the Doremus pellets, 


/high density being obtained. 
| The great difficulty of getting the 
/moisture from the interior of the peb- 
| bles, as has been stated, is another reason 
why too much moisture should not be 
jused. In making these observations, 
| however, I should observe that they are 
‘entirely my Own views, and are not nec- 
essarily accepted by every one. 

may, however, make a remark to 
which all I have said seems naturally to 
tend, namely, that to produce a powder, 
which shall be moderate in its action, is 
both troublesome and expensive, unless 
an undue amount of moisture be ad- 
mitted, but a powder can be produced, 
safely, expeditiously, and economically, 
which, though somewhat violent in its 
action, does not give an exceptionally 
high pressure in comparison with the 
velocity. If the guns will stand, no 
difficulty will be found in providing a 
powder capable of giving the very best 
results. 

The manufacture of pebble has been 
carried on in 1873 much in the same 
manner. The variations of the seasons 
| have to be studied, and, as a rule, it has 
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been found that density is more easily 
obtained in summer than in winter, ow- 
ing to the more effectual incorporation. 
The amount of milling has been reduced, 
as it appears unnecessary to prolong this 
operation, which is the most dangerous 
of all, more than is absolutely neces- 


7“ 
1e press-boxes at Waltham Abbey 
produce cakes of powder 30 inches 
square, which are not only too large to 
pass through the pebble machine, but the 
size of the copper plates between the 
cakes allows the plates to buckle and so 
produces cakes of uneven thickness. 
The perfect action of the machine de- 
pends to a great extent on the uniform 
thickness of the cakes, otherwise the 
jong strips are broken up into short 





pieces. A plan of remedying this de- 
fect suggested by the Assistant Chief 
Foreman of machinery was carried out 
during 1873. It consists in dividing the 
press-box and block into two, so that the 
cakes produced are only of half the 
width and suitable at once to pass 
through the pebble machine without be- 
ing broken up. 

Care, however, must be taken after 
the cakes are pressed to keep them from 
buckling, which they will readily do 
when first pressed. 

A large amount of L. G. powder has 
been re-worked during the year. The 
following are the first proofs of this 
powder which was made from Curtis’s 
and Harvey’s L.G. powder. The drying 
was 38 hours at 127° Fah. 





| 
Density. 


Pebbles 


Stoving. to 


Experiment, 


Pressures. 





| Moisture. 
1 Ib. 


Daie. 


No. 








74 
74 
76 





wor 


x 








These stovings were mixed and redried and again proved. 





Experiment. 


Date. 


Pressures. 











This is most excellent powder, and, 
it will be observed that the density i is 
high and the powder consequently diffi- 


cult to dry. The following are proofs 
of pebble re-worked from “Hall & Son’s 
L. G.: 
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No. of 


Moisture. | pebbles. 


Stoving. Density. 


| 
Pressures. 








28/11/7 
1/12/73 


9/12/73 
10/12/73 











These stovings were dried 36 hours at 
127°. 

At this time, and for some months pre- 
viously, it has been the rule to prove 
double stovings instead of proving each | 
separately, and this is attended with no| 
inconvenience ; for, even if a double 
stoving fails, there is still opportunity in 
the four-way hopper of mixing it with 
another double stoving of an opposite | 
character. 





Experiment. 


Stoving. | Density. 


Date. 


It will be seen that the question of 
stoving is a very important one. What 
is required is to give the powder that 
amount of stoving which will leave it in 
a normal condition as regards moisture, 
so that afterwards the velocity shall not 
be affected. In order to obtain some 
data on this point, 10 barrels were dried 
72 hours at 125° Fah. and fired once a 
month. 
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15/7/73 
15/8/73 
19/9/73 

17/10/73 
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15/12/73 
12/1/74 
13/2/74 
20/3/74 
20/4/74 
21/5/74 
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It will be observed in the additional 
columns for velocities and pressures, that 
corrections have been made for the wear 
of the bore of the proof gun. These 
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were obtained by firing identical samples 
from two proof guns, one new and the 
other worn. 
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| 


From these experiments it is concluded | wards it does not materially lose its vel- 
that about 5 feet must be added for 100/ ocity or pressure when it once has reach- 
rounds to reduce the velocity to that of | ed a normal state of moisture, as it may 
anew gun, and about 2 ewts. for each ‘be supposed to have done in November, 
100 rounds for pressure. The correc-| 1872. 
tions are not shown in the old guninuse| Some experiments have lately been 
in 1872, as that gun as a rule fired much | made by Colonel Younghusband as to the 
less violent powder, and the corrections | time required to dry powder of large 
would probably be 4 less. If we neglect | size of grain. The samples chosen were 
the sample fired 13/9/72, where the pres- | inch cubes, and the specimens were dried 
sures are evidently exceptionally high, it | whole and. compared with similar speci- 
will be observed that the powder at first mens broken up to a size rather larger 
loses in velocity and pressure from its|than R. L. G. with the following re- 
having been overdried, but that after-| sult : 


Waltham Abbey. Hall and Son. 


No. of 
hours 


dried at | 
160° Fah. 





Density 1.792. 





Whole. 


Broken up. 


Whole. 


Prepaid 1.82. 
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1 2 
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Whole. 
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The question of the best method of | 


drying powder has received some atten- 
tion of late at Waltham Abbey, and, in 


order to gain some information to aid in| 


the. construction of a new stove, an ex- 
perimental stove was built of 8 feet 
square internal floor and about 10 feet 
high. Colonel Younghusband wished to 
have the hot air pass from above down- 
wards, as that is evidently the best 
method of drying, and is used in some 
places where drying is carried on, as at 
Enfield Lock, for drying wooden stocks. 
In the stoves in ordinary use at Waltham 
Abbey it is found that the powder sweats 
very much during the first 10 or 12 hours, 
and evidently that there is not sufficient 
circulation to carry off the moisture. 
The hot moist air seems at first to rise 
and get heavy with moisture and then 
come down again to the bottom of the 
stove, circulating only in the stove itself. 

But if the hot air come in at the top 
and descend it has no tendency to rise 
again as it absorbs moisture, cools, and 
becomes heavy. Evidently also pebble- 
powder gives special facilities for dry- 
ing, as the large interestices give facili- 
ties for making the current of heated air 
pass through the powder. 

The plan adopted therefore was to 
make the current pass down through a 
thick layer of the powder, which for this 
purpose was placed in bins. No other 
passage was allowed for the air. 


The pipes were placed underneath the ' 


The object of this is to insure 
circulation. Hot air tends always to rise 
as water tends to fall. But as water 
will always when confined in any case 
rise to its original level, so I conceived 
hot air, when confined to a passage, will 
always force its way down to its own 
level. If an outlet therefore be allowed 
for the hot air from the bottom of the 
stove a continual current ought to be es- 
tablished. The outlet, however, was led 
into a flue so as further to increase the 
draught. 

For some reason or other a sufficient 
current was not established until the flue 
was increased by a wooden continuation, 
but when this was added it was found, 
when at work, that the draught was 
sufficient to draw so great a quantity of 


stove. 


air through the stove as to bring down | 


the temperature. The temperature could 
be raised by the diminishing the opening 


by which the external air was admitted 
to the steam pipes to become heated. 
The best plan would be to bring the 
outlet into communication with some ar- 
rangement which would produce a par- 
tial vacuum, such as a steam jet; fora 
vacuum is a well known method of dry- 
ing. Thus the temperature might be 
lowered in the stove with advantage to 
the drying of the powder, a low tem- 
perature and sufficient current of air be- 
ing the best plan of drying. 

[ may conclude this paper by giving 
a few samples of powder fired in the 35- 
ton gun, by the way of experiment, to 
see what powder is likely to be most 
suitable. All the rounds were fired with 
110 lbs. of powder and 700 Ibs. of pro- 
jectile. (See table next page.) 

These are some very remarkable results, 
which, doubtless, are all capable of ex- 
planation, but require a more accurate 
knowledge of the whole curves of pres- 
sure for their complete elucidation than 
the mere maximum pressures are capable 
of furnishing. For the present, however, 
they must be left in the hands of the 
Committee on Explosives, with the re- 
mark that, true to themselves in their 
apparent inconsistencies, these samples 
in many cases seem to arrange themselves 
a in exactly the opposite order to’ what 
might have been expected. One observ- 
ation, however, 1 may make, the truth 
or error of which time and further ex- 
perience may possibly determine. The 
effect of size of grain is well known, and 
the theory of each grain burning from 
surface to centre has often’ been ad- 
vanced, and therefore calls for no special 
remark. It should, however, also be 
understood that with this theory must 
be combined a consideration not only of 
the density but also of the varying 
porosity of powder, which allows each 
grain to burn more or less rapidly ac- 
cording as the density is less or more, 
and more or less unevenly according to 
the number and size of the pores. _ 

Porosity and density, though inti- 
mately allied, are not necessarily identi- 
cal, and this helps to a great extent to 
explain some of the apparent anomalies. 

Powder of a density greater than 1.82 
or i.84 does burn uniformly; and Capt. 
Castan says that such powder when pick- 
ed up unconsumed, after having beea 
fired from guns, shows none of ‘the pit 
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** inch cubes, 23/4/73 -79 | 
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marks which are to be,found with pow-| Messrs. Hall & Son’s sample of the same 
ders of less density. These pit marks/ density, which was made with a differ- 
are doubtless due to the penetration of| ent charcoal, viz., dogwood, instead of 
the flame into the porous channels in the| alder. Some of the discrepancies ob- 
grains, which allow the flame to enter) tained with the other samples, however, 
further into the interior than would|are not so easily explained, but it is 
otherwise be the case, and thus acceler-| probable that the reason why in some 
ate the combustion, The effect of por-| cases the lower densities gave more mod- 
osity, however, is mitigated by the/erate results than the higher may be 
amount of moisture the powder may/that the lower densities may have 
contain, and which, for some cause or|allowed the moisture to penetrate by 
other, seems to have an effect on the| absorption further into the pebbles. 
rapidity of combustion much greater 
than would be anticipated. Possibly it} Correct inferences cannot be drawn 
may generate steam of a tension sufficient | till the whole grain has reached its 
to counteract the pressure of the flame. | normal state of moisture, and only thus 
It is not, however, the actual amount} can the relative effects of size of grain 
of the moisture that affects the rate of|and density be fully determined. This 
combustion so much as the position it|m° »ifestly must be a work of consider- 
occupies. Moisture in the interior of a}: time. Itis worthy of remark, how- 
grain affects the combustion but slightly, | evr, that lot 1970, which is a violent 
but moisture in the exterior moderates | service pebble set apart for the proof of 
considerably the rate of combustion at} guns, does not appear to be much behind 
the period when the effects of greatest | even the very best of the samples, if we 
importance are produced. | have regard to a comparison of velocity 

Waltham Abbey inch cubes of high| and pressure. An increase of the size of 
density were thoroughly dried, and the | the charge with some of the more mod- 
mild character of the sample, 1.82, is to| erate specimens, may, however, deter- 
be regarded as entirely due to the high|mine in favor of some of the milder 
density. It is not to be compared with! powders for our heaviest guns. 
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REPORTS GF ENGINEERING SOCIETIES. 


HE New York Society oF PRACTICAL 
ENGINEERING. This society is working 
with renewed vigor, having adopted, with the 
current year, the plan of holding quarterly 
series of lectures, each including several suc- | 
cessive meetings. 
menced Monday evening, June 19. The meet- 
ings were held in the Geographical Rooms, 
Cooper Institute, the President, James A. 
Whitney, M.E., in the chair. The lectures and 
apers of the first session were as follows : 

uesday evening, January 19, Hon. Wm. J. 
McAlpine, on ‘‘The History of Engineering 
Thought;” January 20, Dr. P. H. Van der 
Weyde, on the ‘‘ Dykes and Dams of Hol- 
land;” January 21, closing address, first ses- 
sion, on ‘‘ Steam-Boiler Explosions,” by the 
President. The second session comprised a 
lecture on Monday evening, January 25, on 
‘*Transmission of Power by Belts,” by John 
W. Sutton, M.E.; January 26, ‘‘ Construction 
of Lighthouses,” by C. B. Boyle, C. E.; and 
January 28, miscellaneous papers, which com- 

rised ‘‘Removal of Snow from Streets by 
felting,” by W. M. Edwards; “Electricity | 
for Railway Signals,” by Prof. Wm. Kobinson; 
and “‘Safety-Armor for Firemen, Miners, 
etc.,” by J. H. Beardsley, Esq. 

The second quarterly series embraced a 
single session, commeneed on the evening of 
April 19, and included a lecture on ‘‘ Steam- 
plowing,” by D. D. Williamson, M.E.; April 
20, on ‘Sanitary Engineering,” by W. H. 
Moore, C. E.; April 21, by Lemuel W. Wright, 
M.E., on the ‘Construction of Ordnance;” | 
and on April 22, by George Ed. Harding, C.E., 
on the “History of Iron Manufacture,” this 
closing meeting of the session also including 
an extemporaneous address by Hon. Abram 8. 
Hewitt, M.C., on the latest Improvements in 
the Manufacture of Iron and Steel. The mid- 
summer series of lectures are expected to 
exceed in number either of those hitherto held, 
and to be of unusual interest. 


MERICAN Society oF CrviL ENGINEERS. 

The society has become fully settled in | 

the new rooms corner of Broadway and Twen- 
ty-third street. 

Preparations are in progress for the annual 
convention, to be held in Pittsburgh, on the 8th, | 
9th and 10th of June. 

The list of topics which may be discussed at 
the convention, together with the titles of | 
papers presented since the last convention, are 
given below. 

1. Bripges.—A. Arched Bridges : XCVIII. | 
Upright Arched Bridges, J. B. Eads, October 
and following. 3B. Draw Bridges: XCII. Draw 
Spans and their Turn Tables, C. 8. Smith, 
August. CY. Principles of Construction of, | 
and Calculation of Strains in revolving Draw 
Bridges, C. Herschel, March. XCVII. Utica 
Lift Draw Bridge, 5. Whipple, September. 
C. Foundations: LX XXIV. Replacing a Stone 
Pier on a Pile Foundation, J. A. Monroe, 
June. XCIII. Foundations for Brooklyn 
Anchorage, East River Bridge, F. Colling- 
wood, August. JD. Erection of Structures : | 
XCIX. Notes on the Erection of Illinois & St. 

Vor. XIL—No. 6—36 


The first session com- | 


| Mr. Chas. H. Parker, of Boston. 
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Louis Bridge, T. Cooper, November. JZ. 
Bridge Accidents : Reports on the Means of 
Averting Bridge Accidents, submitted March 
8d, 1875, J. B. Eads, Chairman of Committee, 
May (1875). 

2. Stream ENGINES AND FURNACES —A. 
Pumping Engines: Report on Comparative 
Examination of the principal of Pumping 
Engines in Use, G. P. Low, Jr., Chairman of 
Committee, May (1875). 3B. Compound En- 
gines: CIV. Compound and Non-Compound 
Engines, Steam Jackets, &c., C. E. Emery, 
February. ©. Furnaces: CII. Efficiency of 
Furnaces burning Wet Fuel, R. H. Thurston, 
December, January. 

3. Rar~roaps.—A. Rails: LXXXVIII. Re- 
port on the Form, Weight Manufacture and 
Life of Rails, A. Welch, Chairman of Com- 
mittee, July, May (1875). Memoirs on Rails, 
A. Welch, July. LXXXTX. Weight of Rails 
and Breaking of Iron Rails, O. Chanute, Au- 
gust. B. Railway Signals: Report on Rail- 
way Signals, J. D. Steele, Chairman of Com- 
mittee, May, (1875). ©. Rapid Transit in 
Large Cities: CVI. Rapid Transit and Termi- 
nal Freight Facilities, O. Chanute, M. N. For- 
ney, A. Welch, C. K. Graham, F. Colling- 
wood, Part I., March. JD. Cheap Freight 
Transportation: CVI. Rapid Transit and Ter- 
minal Freight Facilities (the same), Part II., 
March. J. Railways Systems Contrasted : 
LXXXYV. European Railways, as they appear 


| to an American Engineer, W. H. White, June. 


—— Socrety or Crvit ENGINEERS.—The 
annual meeting was held at the Society- 
rooms, 66 State Street, Boston, March 24th, 
1875—President Thomas Doane in the chair 
and twenty-six members present, The regular 
business was transacted, including the reading 
of the Annual Report of the Government by 


| the President, and the election of officers and 


members. The Report of the Government 
embraced a short history of the Society from 


| its formation in 1848 to its re-organization 


during the last two years, and included re- 
ports of the President, Treasurer, and Libra- 
rian, which showed the Society to be in good 
condition, with a large list of members, and a 
healthy financial exhibit. The officer: elected 
for the ensuing year are as follows: 

President, Thomas Doane; Vice-President, 
Desmond FitzGerald; Secretary, George §, 
Rice; Treasurer, Clemens Herschel; Libra- 
rian, Edward K. Clark; Auditor, Joseph P. 
Davis. 

A statement of some facts and experiences 
on heated air as a motive power developed by 
some experiments in late years was made by 
Mr. Parker 
commenced with the mechanical properties of 
heated air, and stated that the first engine was 


| built in Scotland, in which the products of 


combustion entered with the air, and failed on 
account of the large particles of fuel entering 
the cylinders. Foremost amongst the obsta- 
cles to overcome when he commenced the ex- 
periments, was the discovery of a lubricator 
and a method of keeping the valves cool, 
which he virtually accomplished, by the use 
respectively of powdered plumbago and a re- 
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frigerating process, in a machine which he pig-iron were run, and 10,200 tons of bar iron 
exhibited at the Paris Exposition, with two | were manufactured.—Jron. 
twenty-inch cylinders and of twenty-three indi- 
cated horse power. Mr. Parker spoke of 
Erricson’s valuable experiments and of his it was generally admitted that a pure ore 
results, and said that with the exception of | or pig-iron, and especially one containing less 
these experiments the majority of invest:ga- | than 0.03 to 0.05 of phosphorus, was absolute- 
tions made in this country had not been for | ly essential to the production of a good Besse- 
science, but for the purpose of making money, | mer steel; the consequence has been that many 
engines having been shoved upon the market |of our richest iron ores, most chiefly mined 
before they were perfected. and supplied, have been ruled out as unfit for 
The advantages of heated air as a motive Bessemer work. Such are most, if not all, of 
power were the independence of water, having | the limonite and fossiliferous ores of Pennsy]- 
the medium always around you; the employ- vania, Virginia, Tennessee, Georgia, and Ala- 
ment of light metals and less tonnage for} bama, in which the percentage of phosphoric 


HOSPHURETTED STEEL.—A year or two ago, 


sea vessels. Among the objections are the 
complicated machinery, the difficulty in start- 
ing and feeding, which was necessarily done 
through a double feed box. 

Mr. Parker thought he saw the reasons why 
it would succeed, and if an engineer would 
conduct experiments on scientific principles, 
there would be good results. After some dis- 
cussion the Society adjourned till the next 
regular meeting in April. 

‘aliliie 


IRON AND STEEL NOTES. 


CoRRECTION.—The article on the ‘ Besse- 
mer and Siemens-Martin Steel” in our | 
May issue should have been credited to the | 
American Manufacturer and Iron World. It} 
appeared as an editorial in the columns of 
that valuable paper some three months ago, | 
and was regarded of sufficient value to be | 
widely appropriated on the other side of the | 
ocean, where its ownership was speedily for- | 
gotten. 





In the plenitude of our eclecticism we | 
culled it as rather a choice bit of foreign | 
scientific literature, and credited it vaguely in 
common with the Bulletin, to a ‘‘ foreign con- 
temporary.” 
| ype METALLURGY.—The increase in the 
metallurgical establishments is still being 
warmly fostered and pushed on by the Govern- 
ment. Two new large establishments have 
just been added to those of the south—an iron 
foundry and an iron mine. The foundry is 
— under the charge of an Englishman, 
ohn Youse, by the Government. The mine 
is a private enterprise, for which the funds 
have been provided by the iron-merchant, 
Pastuchoff. The two establishments have cost 
large sums of money, but seem to be in full 
tide of prosperity. This prosperity is almost 
an inevitable consequence from the exceptional 
richness of the iron ores and coal beds of the 
basins of the Don. Attention to this fact is 
said to have been first drawn in 1887 by M. Le 
Play, Director of L’Ecole des Mines, and chief 
of the Demidoff expedition. Prince Woron- 
zoff was the first to commence working these 
rich deposits and afterwards the Duc de Liwen 
leased a large area to acompany. The best 
iron ore found there is an oxide containing 45 
per cent. ofiron. A daily quantity of 1,200 
to 1,500 tons of coal is now produced there. 
From January ist to July 1st, 1874, the pro- 
duction amounted to 114,000 tons of coal, 





17,230 tons of minerals, and 13,740 tons of | 


}acid runs usually from 0.05 to 0.15 per cent., 


corresponding to about double these amounts 
in the pig-iron. This small percentage of 
phosphorus has been a perfect bugbear to iron 
manufacturers, and so important was it con- 
sidered that one of our iarge steel works im- 
ported 10,000 tons of ore from Algiers at a 
cost of about $16 per ton, because it was, at 
that time, impossible to secure ores here suffi- 
ciently free from phosphorus for use in the 
manufacture of steel rails. Innumerable efforts 
have been made to get rid of the phosphorus 
in the several processes through which the 
iron passes in its manufacture, but these 
efforts have been but partially successful, and 
then only in the puddling process, and, conse- 
quently, of no use in the manufacture of Bes- 
semer steel. 

Investigations which have been made during 
the past two or three years have developed the 
fact that by a kind of homeopathic treatment 
(similia similibus curantur) certain substances 
which themselves give hardness and brittleness 
to steel may be in part substituted for other 
ingredients having a similar tendency, to the 
great improvement of the resulting metal. It 
has thus been found that by securing proper 
relative proportions of carbon, phospho- 
rus, silicon, and manganese, a steel of 
great softness and strength can be obtained, 
while the same percentage of phosphorus in 
ordinary steel would have indicated very 
different properties. 

There is no longer much doubt of the fact 
that manganese exerts upon steel a body-giving 
and toughening influence as well as a neutral- 
as ect on the hardening or cold shorten- 
ing due to phosphorus. Though these proper- 
ties of manganese have been blindly suspected 
for some time, the mutual dependence and, to 
a certain extent, interchangability of carbon 
and phosphorus were not fully appreciated till 
the success of M. Tes-ie du Motay in produc- 
ing with ferro-manganese a good rail steel 
containing about .12 carbon, .25 phosphorus, 
and .75 manganese, was fully established. 

The secret of success appears to be putting 
into the metal from ? to 1 per cent. of manga- 
nese without bringing the percentage of carbon 
above .16, while the metal contains the ordi- 
nary amounts of phosphorus and silicon, or, 
say, .25 to .29 of the former and .3 of the 
latter. When the percentage of phosphorus is 
diminished that of carbon should be increased, 
and vice versa within certain limits. We have 
published, vol. XIX. p. 36 and p. 68 of this 
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—— 


ournal, a description of the process of manu- 
facture of both rail and plate steel by the use 
of ferro-manganese, and of tests applied and 
sustained by the product at the Terre Noir 
Works. It is not necessary to repeat these, 
but the importance of the subject to our iron- 
masters justifies a further reference to the 
successful use of ferro-manganese containing 
about 50 per cent. of manganese in the manu- 
facture of these soft steels. Steel is undoubt- 
edly destined to supplant iron for almost every 
use where the latter is now adopted. It is of 
the utmost importance that our ironmasters 
should seek out and apply those improvements 
in its manufacture, that will enable them to 
make use of our unrivalled advantages in the 
abundance and cheapness of our iron ores and 
fuels, and thus place us in a position to com- 
pete successfully in other markets than our 
own.—Engineering and Mining Journal. 





~_ 
RAILWAY NOTES. 


Rom the Monituer Industriel Belge we learn 
that the Prussian railway authorities are 
busily engaged in the construction and re-con- 
struction of their rolling stock. ‘The number 
of engines and carriages made during the past 
year and to be made during the present are 
1,549 locomotives, 1,670 passenger carriages, 
and 17,000 good trucks of all kinds, to the 
value of 201,000,000f. 


TRIAL of a locomotive for mountain raik 
ways, constructed by the Societe Interna- 
tionale des Chemins de Fer de Montagnes at 
Aaram, was made a few days since on the Rigi 
Railway, on a distance of 2 kilometres, with a 
gradient of 17 per cent. (or nearly 1 in 6.) The 
trial was most successful, and reflects much 
credit on Herr Riggenbach, the engineer of the 
Rigi Railway, by whom this engine was de- 
signed.—T he Engineer. 


i Journal des Debats gives the following 
particulars respecting the workings of the 
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| ton station) and Rugby—a section 83 miles 
long. On this section the following trains run 
| through: 30 express mail trains at 40 miles an 
|hour; 5 at 36 miles an hour; 29 passenger 
trains at lower speeds and stopping at all sta- 
tions; 32 express goods trains at 20 to 25 miles 
an hour; 27 ordinary goods trains, and 23 local 
goods and mineral trains—a total of 64 passen- 
| ger and 82 freight trains in 24 hours.—7'he En- 
| gineer. 
—- cm -—— 
ENGINEERING STRUCTURES, 
| 
HE utilization of the sewage of Paris on 
the plains of Gennevilliers, containing 
an area of 800 acres of light sandy soil, is now 
being practically carried out. A large sewer 
|is now being constructed to carry away the 
|sewage from the main sewer at Clichy-sur- 
Seine. The new sewer will be 1.60 metre in- 
| ternal diameter, and 3,750 metres in length, 
|and when completed half the sewage of Paris 
will-be utilized. 
HE ‘‘TRON GATES” OF THE DANuBE.—To 
avoid the rocks by which the navigation 
of the Danube has for ages been obstructed at 
this point, the Government engineers had pre- 
pared a new bed for the river, which was to 
have been turned into it in the usual cere- 
monial fashion on the 15th of next month. 
The Danube, however, has virtually antici- 
pated the ceremony by taking possession in its 
own way, of its new bed. 

This river was dug out in three sections, 
| separated from each other by two dykes, which 
| were left, and over which the roads led to the 
}old bed. The embankment had been raised 
}all along the line and partially reveted with 
| stone, but there remained still a good deal of 
|the stone reveting to do between the two 
| dykes. In order to do this more cheaply and 
| expeditiously it was determined to make an 
opening in the upper dyke, so as to allow the 
| ome barges to pass through. The news ex- 
| cited some misgivings, and there were warning 





French railways during the past year: During | voices which predicted that the lower dyke 
1874, the total length of the lines of railway in | would scarcely be able to resist the pressure of 
France was increased from 18,563 kilometres | the water ; but the engineers were confident in 
—11,509 miles—to 19,110 kilometres—11,848 | their power of regulating the inflow of the 


miles. The total receipts amounted to 797,-| stream and to stop up the gap if necessary. 
365,349f. The average receipts per kilometre, | Events proved that they had been too confi- 
which, 1878, was 44,152f., diminished in the | dent, for scarcely was the channel opened 
following year to 42,517f., showing a difference | when the stream rushed in, widening the gap 


of 1,635f., or a falling off of 3,70 per cent. 


T™ promoters of the proposell railway from 
Palermo to Trapani have entered into 
arrangements with Messrs. Clark, Punchard & 
Co. for the construction of that line, and a 
representative of that firm, Mr. William Major, 
has already arrived in Sicily to examine the 
ground previous to signing the definite con- 
tract. This line is a most important one for 
the welfare of the island, as the western por- 
tion, up to the present time, is entirely unpro- 
vided with railway communication.—The Hn- 
gineer. . 
en the heaviest piece of main line traf- 
fic in the world is that on the London and 
North-Western Railway between London (Eus- 


;soon from 12 to 100 feet, carrying away the 
| bridge which had been constructed. The dyke 
| being in an oblique direction the gap was 
made towards the right bank, the consequence 
of which was that the force of the stream rush- 
ed in that direction, carrying away the mason- 
| ry and stone revetment for a considerable dis- 
tance. In less than twelve hours the basin 
| filled, and the current seemed to have stopped, 
| but the workmen had scarcely retired to rest 
when the news came that it had set in again, 
indicated that the water had made its way 
through the lower dyke. In order to obviate 
further mishap to the embankment, which 
would have followed had the river broken 
| through, an opening was made in the centre of 
{the dyke when the same thing occurred as at 
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the upper dyke, the water rushing through and | often been attended with fatal consequences.— 

carrying away the dyke right and left, without | Hull News. 

doing any further mischief to the embank- 

ments, HOMPSON’s PATENT LiFE-Rarr.—Now that 
Curiously enough, the difference in the level | the ingenuity of inventors is fairly enlisted 

of the old channel is not so great as might|in the cause, we may confidently expect that 

have been expected, 18 inches being registered | some thoroughly effective and practical de- 

as the fall, and for the present there are two! vice or devices will be perfected for saving 

main streams, the old one not having been as | life at sea. Incases of shipwreck, as has been 








yet stopped, by sinking stone barges, &c. 
. ~~ eamme 


ORDNANCE AND NAVAL. 


A New Liresoat.—There has just been ex- 

hibited to the brethren of the Hull Trin- 
ity-house, and to the principal ship owners of 
the port, a new patent lifeboat, patented by 
Messrs, Anderson and Burkinshaw, of Burling- 
ton Quay, and it is by them termed the ‘‘ Re- 
versible Lifeboat.” The inventors claim for it 
advantages which no other lifeboat possesses, 
viz., that it can neither capsize after being 
launched from a Vessel’s deck, nor can it sink. 
As its name implies, it is top and bottom both 
alike, and if in launching, before it touches 
the water, it should, by the rolling of the ves* 
sel, or any other cause, turn over, there are 
thwarts and seats running round the side just 


|markedly shown in some recent and fatal 
catastrophes, the excessive loss of life is 
| mainly owing to two conditions—the want of 
| a sufficient number of boats for the rescue of 
|the survivors, and the difficulty of launching 
| those that are on board in a seaworthy condi- 
tion. By the present invention, both of these 
| desiderata are in a great méasure supplied. 
We have first an easy and safe mode of launch- 
| ing life-boats in states of the weather when it 
|is dangerous, if not impossible, to put them to 
| sea by any other method ; and, secondly, the 
launching apparatus itself is capable ef being 
utilized into an effective life-raft, large enough 
| to accommodate, perhaps, twice as many cast- 
a-ways as the life-boat could receive. The 
boat is on ways and rollers, and can, in conse- 
quence, be launched without difficulty on 
either side of the ship. The shipping of water 
| during the process of launching is prevented 





the same as there would have been had the by covering her forepart with canvas, so that 
boat gone in the other way up. Whichever | her crew, unless under very exceptional cir- 
side the lifeboat takes the water, when she is | Cumstances, may be lowered with her. Other- 
once afloat,°a couple of flaps running the | Wise a connection may be maintained with the 
whole length will close and form the bottom, ship by means of a long rope. After the life- 
of the boat, and there is provision for drawing | boat is launched the rait may be got overboard 
a further flooring out, which will rest upon | in the same way, but without her crew. When 
strong beams. The boat receives its unusual | 0 board ship it forms a bridge, and may be 
buoyancy from a massive belt of cork, which | Catried above a sailing ship’s deck before the 
is encased in canvas, and runs from stem to | Main hatch or abaft the after one. It rests on 
stern on each side, and forty separate air-tight | stanchions, the side ones being lowering ones. 
tanks, ten on each side of both the upper and/A simple movement of a lever when the boat 
lower part of the boat. Still further buoy- | OF. raft is required for use withdraws the sus- 
ancy is obtained by large tanks at each end of | taining ones, and the stanchions with the raft 
the boat, but it is intended to use these latter | fall down to the top-gallant rail, giving the 
compartments as store-rooms, in which may | latter an angle of 30 deg. The cost of the 
always be kept a stock of provisions, spirits, | taft will scarcely, if at all, exceed that of a 
clothes, medicines, water, &c., the whole sup- | life-boat, and by tha new Shipping Bill it will 
ply being protected from damage by either | count in lieu of one. 

rain or sea water. On each side of the belt of | Recently a trial of one of these rafts was 
cork outside the boat there are numerous life- | made at the yard of Messrs. Money Wigram & 
lines, which will hang in the water, so that | Co., Poplar, in the presence of a great number 
anyone falling overboard on leaving a vessel | of interested persons, including Admiral Sir 
may readily gain the boat and hoist themselves | Alexander Milne, and one or two other 
onboard. In addition to this, there are lashed | representatives of the Admiralty. A raft was 
along what is intended to be the upper side of | fitted up on the shore, to imitate, as far as 
the boat as it stands on the vessel’s deck, | possible, the bridge of. a vessel, with a boat 
twelve cork life-buoys, six on each side, and| upon it. This boat. was launched first, but, 
should the boat in launching fall the other side unfortunately (being one which had been se- 
up the life-buoys will disengage themselves | lected at hazard, and not a life-boat) it cap- 
and come to the surface, being equally avail-| sized, the five men who were in it being 
able as they would have been had the boat not | thrown into the water. Four of them were 
turned over., Captain Burkinshaw estimates | rescued very quickly; the fifth,who was under 
that a boat of this kind, 30 ft. long, will save | the capsized boat, was not picked up for some 
at least 120 persons, either inside of her or| minutes, owing to the difficulty of righting 
standing upon the cork belt. It is intended | the boat. The launch of the raft itself was 
that it shall be kept on deck, or on a hatchway | most successful. It was tested with the weight 
even, and that a tram line siall be placed from | of sixty-five men, who also rolledsit from side 
the boat’s berth to the nearest gangway, by | to side, without upsetting it. We understand 
which means the boat can be launched without | that the Admiralty authorities have expressed 
fear of any accidents with tackle falls, which | their perfect satistaction with Mr. Thompson’s 
in the hurry of leaving a sinking ship have so' raft.—Zron. 
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BOOK NOTICES, 


RUDIMENTS OF PRACTICAL BRICKLAYING. 
By Apam Hammonp. London: Lock- | 
wood & Co. For sale by Van Nostrand. | 
Price 60 cts. 

This little treatise is a late edition of the 
**Weale Series.” It embraces the following | 
practical subjects: 

General Principles of Bricklaying—Drawing, | 
Cutting, and Setting Arches—Different Kinds 
of Pointing—Paving, Tiling, Use of Materials, | 
etc.—Slaters’ and Plasterers’ Work—Practical | 
Geometry and Mensuration. 

Some fifty woodcuts illustrate the text. 


PRacTicAL MILLWRIGHTS’ AND ENGIN- | 

EERS’ ReEaDy ReEcKONER. By THOMAS) 

Drxon. Fourth Edition. For sale by Van 
Nostrand. Price $1.25. 

In this handy book there are tables for find- 
ing the diameter and power of cog-wheels, the 
diameter, weight, and power of shafts, the 
diameter and strength of bolts, tables of cir- 
cumferences and areas of circles, of weights 
and measures, and other arithmetical details in 
constant requirement by engineers and mill- 
wrights, all being very clearly arranged for 
reference, and comprised in a volume of suit- 
able size for the pocket. 


UTTER: ITS ANALYSIS AND ADULTERATIONS. 

By ArtTHurR ANGELL, 

Orro Henner. London: Wyman & Sons, 
For sale by Van Nostrand. Price $1.50. 

The detection and estimation of foreign fats 
is the special topic of this little manual. The 
subjects treated by chapters are as follows: 

I. The Composition of Butter. 

II. The Determination of the Constituents 
of Butter. 

III. The Microscopic Examination of Butter. 

IV. The Fusing Point. 

V. The Analysis of Butter Fat. 

There can be no doubt about the usefulness 
of this new manual. 


gerry org AND CLASSIFICATION OF MIN- 


By James C. Foye, A. M. Chi- 
For sale by 


ERALS. 
cago: Jansen, McClurg & Co. 
Van Nostrand. Price 75 cts. 

The object of the author as set forth in his 
preface, has been to furnish tables by which 
the student may, with as few easy tests as pos- 
sible, determine with precision and classify 


minerals found.in the United States, and | 


become familiar with their principal charac- 
teristics. ; 
The plan includes examinations with blow- 


pipe, with nitric sulphuric and hydrochloric | 


acids, and tests for hardness and specific 
gravity. 

It is exceedingly compact and we doubt not 
excellent. 


N Easy INTRODUCTION TO CHEMISTRY. By 
ArtHurR Riee, M. A., and WALTER 
GooLpEN, B. A. London: Rivington’s. 
sale by Van Nostrand. Price $1.25. 
We can recommend this book to readers 
who desire to obtain a good idea of the great 
fundamental principles of chemistry, without 


F. RM. &., and | 


Fer) 


| U. 8. Steamer Shawmut,” by Naval Construct- 


the necsssity of acquiring its technical nomen- 
clature. 

The experiments employed in the lecture- 
room to illustrate leading principles are clearly 
described; the chemistry of every day life is 
judiciously presented and the whole offered in 
an attractive garb. The illustrations are good 
and numerous enough. To solve the problem 
of presenting an outline of chemical science in 
150 pages we do not see how it could be better 
done than in this little book. 


HE LIVEs OF THE ENGINEERS. By SAMUEL 
Smites. New and revised edition. Lon- 
don: John Murray. 1874. For sale by D. Van 
Nostrand. Price $18.75. 
Mr. Smiles’ work is too well known to 
require criticism now at our hands, and little 


| need be said about the present edition except 
|to cgmpliment Mr. Murray on the style in 


which he has given the book to the public. 
The whole, apparently unabridged, is con- 
tained in five handsome octavo volumes, beau- 


'tifully printed on excellent paper, and very 


tastefully bound. The illustrations are not 
only admirable in themselves, but printed, with 
a very few exceptions, in perfection. It is 
beyond our power to say how many editions 
the work has reached, but we are quite certain 
that not one on the whole more satisfactory 
has yet been been published. 


OTES ON BurLpine Construction. Part I. 

Elementary course. London, Oxford and 

Cambridge: Rivington’s. For sale by Van 
Nostrand. Price $5.25. 

The work is designed when complete to meet 
the requirements of the syllabus of the science 
and art department of the committee of coun- 
cil on education at South Kensington. 

Two more volumes or parts are soon to 
follow. Part IT. will be devoted to the ‘* Ad- 
vanced Course,” and Part III. will contain 
investigation of stresses or parts of structures, 
the nature and applications of materials, etc. 

The present Part treats exhaustively and 
clearly and with abundance of good diagrams 
of Walling and Arches—Brickwork— Masonry 
—Carpentry — Floors — Partitions — Timber 
Roofs—Iron Roofs—Slating—Plumbers’ Work 
—Cast Iron Girders and Cantilevers—Joinery. 

It is a fine octavo volume of 220 pages, with 


825 woodcuts. 


HE PAPER AND PROCEEDINGS OF THE U.S. 
Nava Institute. New York: D. Van 
Nostrand. Volume I, (1874) contains the fol- 
lowing contributions: 1. ‘*The Manning of 
our Navy and Mercantile Marine,” by Capt. 8. 
B. Luce, U. 8. N. 2. ‘*The Cruise of the 
Tigress,” by Lieut. Com. H. C. White, U. 8. 
N. 3. ‘‘Compound Engines,” by Chief En- 
gineer C. H. Baker, U.S. N. 4. ‘*The Com- 
pass,” by Prof. B. F. Greene. 5. ‘‘The Arm- 


|ament of our Ships of War,” by Capt. U. N. 


Jeffers, U.S. N. 6. ‘‘ The Isthmus of Darien 
and Interoceanic Canal,” by Lieut. Fred Col- 
lins, U.S.N. 7. ‘Centre of Gravity of the 


or T. D. Wilson, U. 8. N. 8. “‘ Fleet Ma- 
nceuvres and the Navy of the Future, by Com. 
F. A. Parker, U.S N. Price $2. 
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ANDRAILING. By JoHn Jones. London: 


E. & F. N. Spon. For sule by Van Nos- | 
trand. Price $2.50. 


| 
This treatise exhibits the advantage of others | 
| 


on this branch of building of presenting the 
method of designing on a large folio page. 
The diagrams thus drawn are unmistakably 
clear, and the space admits of the exhibition 
of all the auxiliary lines required by the 
draughtsman. - 

Such a work is often sought for by architect- 
ural students. 


RECORD OF THE VIENNA EXPOSITION OF 

1873. Atlas of Plates. 

and JAMES DrEepeE, London: 

gineering. For sale by Van Nostrand. 
$50.00. 

The above plates have mostly appeared in 
Engineering during the last twenty morfths. 
They are now collected in a single large folio 
volume, printed on tinted paper. 
as our readers probably know, presented in 
such form, and with such elaboration of detail, 
as to supersede the necessity of separate text. 

They illustrate recent progress in every 
branch of civil or military engineering and 
agriculture. 


Price 


VLIMATE AND TimE. By 
London: Dalby, Isbister & Co. 
by Van Nostrand. Price $12.00. 


For sale 


By Wa. H. Maro} 
Office of En- | 


SEFUL TaBLEs, By W. H Nose, Lon- 
don. For sale by Van Nostrand. Price 
25 cts. ; 

The contents of this minute volume com- 
prise tables for conversion of French in Eng- 
lish units and vice versa; lines and tangents to 
four places and logarithms of numbers to 
four places of decimals. These are neatly 
printed on a page of 4 by 3} inches. A con- 


| venient size for the pocket. 


| Griffen & Co. 


YnE SarLor’s Pocxet-Boox. By Commander 
F. G. D. Beprorp, R. N. London: J. 
For sale by Van Nostrand. 


| Price $3.75. 


The topics discussed in this convenient little 
volume are Signals—The Compass—Rule of the 
Road—Law of Storms and Meteoroligical In- 


| struments—Lights, Buoys, and Determination 


They are, | 


of Position—Boats and their Management—Op- 


erations on Shore—Loading, Bivouac, and 


Attack—Life - Saving Apparatus—Currency, 
weights, and Measures ot Different Nations— 
Miscellaneous Tables, Practical Recipes, etc. 
By judicious exercise of brevity much infor- 
mation is crowded into a small space. It is 
not necessary to be a sailor to gain much valua- 


| ble information from these pages. 


JAMES CROLL. 


The discussion of the causes of the Glacial 


Epoch, and the more genial Carboniferous 
Period, has received an important contribution 
by this elegant work from the pen of an active 
geological worker. 

Oceanic circulation receives its full share of 
attention, and the late somewhat sharp discus- 
sions in scientific journals are reviewed with 
care and skull. 

_ The work is a valuable contribution to the 

literature of physical geography. 

ee Heap-Licut. « By Wm. H. REEp, 
M.E. Price $2.50. 

This is specially designed for locomotive en- 
gineers and machinists. lt contains, besides 
explanations of the technical terms, numerous 
valve-tables of link motions, Mensuration 
tables and a little outline of practical geometry 
occupy a fair amount of space. 


The few illustrations look disproportionately | 


large for the page, but they possess the merit 
of clearness, and answering fully the designed 
purpose, 


Manvau oF Fret Currinc ANnp Woop 

CARVING. 3y Maj. Gen. Sir Tomas 
sEeTON, K.C. 4. London: Geo. Routledge & 
Sons. For sale by Van Nostrand. Price 
$1 00. 


pages, written for boys; describes the whole 
art of wood carving from the first use of tools 
to the designing of intri, 4,¢ compositions. T 
style is remarkably pl], ,, and the difficulties 
the beginner meets wit}, are anticipated. 

» The book will prove useful to many a boy 
who amuses himse}f with wood working with- 
out asp!Ting to the art of carving. 


UALITATIVE CueMiIcaL ANALYsIs. By Prof. 
Sizas H. Doueras and Prof. ALBERT B. 
FreEscorr. Ann Arbor. Price $3.50. 

Both the authors of this new work are ex- 
perienced instructors and have brought a 
rare degree of skill to bear on the construction 
of this manual. ‘The notation is modern, as 1s 
also the order in numbering the groups of 
bases, the silver group being placed first. In 
the tables for *‘ separation ” we notice a valu- 
able feature—it is the addition of confirmatory 
tests of any base to the described routine of 
separating 1t from the members of its group, 
given directly and briefly in the columns ot 
the table. A table of solubilities of the metal- 
lic salts, as also a list of commonly occurring 
salts with their degree of solubility form valu- 
able additions to the ordinary matter of such 
manuals. 

It will rank with the larger works on aualy- 
sis in the extent and accuracy of treatment of 
this branch of practical science. 


Muse Arrisan’s Guipe. By R. Moore. Mon- 
treal: Lovell Publishing Co. Price $2.00. 

A collection of all the practical receipts that 
have been published for some years, without 


| regard to their genuineness, is what this book 


appears to be. That the editors’ ideas of Class- 
ification are not very strict may be inferred 
from the contents of page 59 for example, 
this presents among other things directious 
for making emery wheels, making laughing 


i | gas, and cure for lockjaw. 
A neatly printed and illustrated book of 150 | 


The chemical processes on this page are 
not above suspicion. Take this for Instance— 
where the writer gives a second method for 
making laughing gas—‘‘ by pouring nitric acid, 
diluted with five or six times its weight of 


| water, on copper filings or small pieces o1 _ 
| We would suggest as a useful addition to Uls 


| page of miscellaneons rules to 


be observed in 


|impanneling a coroner’s jury, tO follow im 





future editions the above directions for mak- 
ing laughing gas._- 

The directions for inhaling this gas given 
also on page 59 are not easy to follow. The 
clearness is not obtrusive. Here itis: ‘‘ Pro- 
eure an oiled or varnished silk bag or bladder, 
furnished with a stop cock, into the mouth, 
and at the same time hold the nostrils, the 
sensations,” etc. 

As this page was taken quite at random, it 


is quite possible that among the 470 pages, | 


there are more of like value. 


UIDE PRACTIQUE DE TELEGRAPHIE. By 

Louts HozgEan, employé des liques telegraph- 

iques. Paris: E. Dentu, 1874. New York: D. 
Van Nostrand. Price $1.20. 

This work is designed for the use of stu- 
dents, and as a practical guide for telegraphic 
employees, and is intended to occupy much 
the same ground in relation to the French 
telegraphic system, that Pope’s ‘‘ Modern 
Practice” does to the American. It com- 
mences with a description of¢ the essential 
portions of the apparatus and their functions, 
and then treats of the laws of the current, 
so far as is necessary to a clear under- 
standing of the operation of the instruments, 
which is followed by a concise descrip- 
tion of the construction and operation of 
the switch or commutator, the galvan- 
ometer, the lightning arrester, and other less 
important adjuncts to the telegraphic apparatus 
proper. Other chapters give directions in re- 
gard to the adjustment of the instruments, the 
establishment of stations, the manipulation of 
the key, and formation of Morse alphabet, 
etc., etc. The appendix contains an essay on 
the different kinds of batteries and their man- 
agement. One ingenious feature of the book 
is a (presumably) complete list of all the ills 
that telegraph instruments are heir to, syste- 
matically arranged in tabular form for con- 
venience of reterence. The book is written, 
of course, with reference to the French meth- 
od of working the Morse apparatus, and, 
therefore, would perhaps be of little use to the 
average American operator, especially as it is 
printed in the French language. To those, 
however, who are interested to know how the 
French telegrephs are actually worked, it will 
prove of value. The work is beautifully 
printed, and the execution of the numerous 
illustrations, which are original drawings on 
wood, by the author, is simply superb.—7'ke 
Teiegrapher. 


RAILWAY SUPERSTRUC- 


| ape AND TIMBER 
TURES AND GENERAL Werks; WITH SOME 
EARTHWORK TABLES AND OUTLINE OF SPECTI- 


FICATION AND REQUIREMENTS. By J. W. 
Grover, M. Inst. C. E. For sale by Van 
Nostrand. Price $17.00. 

The work under this title, by Mr. Grover, is 
intended as a continuation of the author’s pre- 
vious work, ‘‘ Estimates and Diagrams of Rail- 
way Bridges, Culverts, and Stations.” The 
object of the work is to afford the engineer 
concise information in a portable form, to as- 
sist him in framing rapidly his reports and es- 
timates, especially in regard to the probability 
of the employment of other (lighter) gauges 
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than the present standard one of 4 ft. 8$ in. 
In the notes to each diagram the quantities, 
weights, and rolling and fixed loads are given 
in each case, so as to admit of estimates and 
comparisons being made with facility. The 
diagrams, which, without any pretension to 
high finish, are very accurately and carefully 
made out and figured, include details for ordi- 
nary biidges of various spans, calculated in 
some cases for métre gauge, though in the ma- 
jority for standard gauge; diagrams of iron 
girders for various spans; a general abutment 
diagram; timber bridges for straight and 
curved routes; gates, fencings, and other ad- 
juncts of railway finishing work. An outline 
or model specification is appended, for the 
‘“works necessary for the construction of the 
A and B Railway,” which will serve very use- 
ful purpose as a general memorandum in draw- 
ing up a specification, and may enable the en- 
gineer to turn over the specifying in general 
cases, and where there are no special ‘difficul- 
ties, to subordinates, without fear of any neces- 
sary provision being overlooked. The table 
for rapidly computing amounts of earthworks, 
on the basis of rough sections of the site of the 
line, is calculated to save much time in making 
estimates, where the character of the work is 
tolerably similar over a large extent of line. 

The diagrams given are taken mostly from 
works designed for.actual execution, many of 
them having been carried out by the author 
and others. The iron-work is given with de- 
tails and weights, so as to be practically avail- 
able for manufacturers and contractors. The 
author believes that ‘‘the examples in this 
volume, taken with those already referred to 
in his preceding treatise, will cover those 
superstructures most generally required in 
actual practice in their primary forms.” 

Looking at it from an arciitect’s point of 
view, it is noticeable into what effective and 
picturesque forms timber structure fall, even 
when designed on the most strictly economic 
and practical principles. Some of the timber 
viaducts shown here want very little to be 
objects of real beauty and interest. The same 
cannot be said of the iron structures. If it is 
possible to render iron railway bridges other- 
wise than hideous, the manner of accomplish- 
ing it has scarcely been hit upon as yet. 


nee TABLES, Co-EFFICIENTS, AND 
FORMULA, FOR FINDING THE DISCHARGE 
oF WATER FROM ORIFICES, Norcuis, WEIRS, 
Pires AND Rivers. By JoHn NEVILLE, C.E., 
M.R.1LA., &. Third edition. London: Lock- 
wood & Co. For sale by D. Van Nostrand. 
Price $7.00. : 
Phat table and formule facilitate the com- 
pression of a large amount of information into 
a very small space is acknowledged by all 
practical men, but it is essential that their ap- 
plication should be thoroughly understood in 
order to prevent conclusions being drawn 
which are not justifiable ; it is for this reason 
that special value attaches to the volume of 
Mr. John Neville, in which the tables, &c., are 
introduced by so complete a treatise upon the 
subject that the facts will be we!l impressed 
upon the memory, or if the memory fail upon 
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any particular point it can be readily refreshed. 
In the present edition several new formule, 
experimental co-efficients, and general esti- 
mates of cost have been inserted, which no 
doubt render the book more useful than before 
to meet the ever varying requirements of the 
profession, in connection with rivers and 
waterworks. Referring to the practice of giv- 
ing only two-thirds of the co-efficient of dis- 
charge for weirs, Mr. Neville remarks that this 
practice assumes that the theoretical discharge 
from a notch is the same as if all the particles 
of water had the same mean theoretical veloc- 
ity as those undermost, which, being tuo large 
by one-third, the experimental co-efficient has 
to be reduced in the same proportion to give 
a correct result. There is no reason, he re- 
marks, for sanctioning a different co-efficient 
for notches or orifices at the surface and for 
sunk orifices. The co-efficients, when in thin 
plates with large cisterns, have nearly the same 
general value—.615 to .628 for both—and it 
tends to confusion to adopt in one place a co- 





annoyance of avoidable failures, and assist 
them to select the readiest means of success- 
fully carrying out any given work connected 
with hydraulic engineering.—Mining Journal. 


= PRACTICAL ASSAYER, containing easy 
methods for the assay of the principal 
OLIVER Nort. London: 


metals and alloys. 
For sale by Van Nostrand. 


Chatto & Windus. 
Price $3.75. 
Reference was some time since made to the 
publication of a selection of easy methods for 
the assay of the principal metals and alloys by 
Oliver North (Mr. Hugo Cookesley), and as the 
book was especially designed for explorers and 
those interested in mines, so further particu- 
lars of its contents may not be unacceptable. 
The author explains that his object was to pro- 
| vide a want he long felt himself—a concise 
| and clear account of the best and quickest way 
| of assaying the principal metals. He con- 
|siders that the province of the analytical 
chemist is totally distinct from that of the as 


effieient for a correct formule, and in another) sayer ; that analytical chemistry presupposes 
a co-efficient for an incorrect one, although | asa primary condition that the operator should 
the final result by an equality of contrary e1-| be a chemist, whereas assaying is a mere me- 


rors may be the same. He observes how very | 
general the co-efficient of two-thirds and 
thereabouts is for all orifices and notches, like- | 
wise for the useful effect derived from the} 
application of water-power; as well, also, for 
the relation of the velocity due to the fall, and | 
the velocity of water-wheels to give a maxt-| 
mum result; and remarks that the modifica- 
tion of co-efticients dependent upon the posi- | 
tion, thickness, form, and approaches of an’ 
orifice are as yet little understood by the pro- 
fession. The defects in the ordinary formule 
when the velocity of approach has to be con- 
sidered are carefully pointed out, and he very 
truly states that before the effective power of 
a water-wheel or water-engine can be deter- 
mined we must know how to gauge the water 
supplied to it correctly, adding that this can | 
only be done by the application of formule | 
and co-efficients varied to stit the circumstances | 
of the case under consideration. 
The sections, 15 in number, into which Mr. | 


chanical art, depending almost entirely on 
manipulation. Tosome extent these views are 
correct, but it must not be supposed that an 
assayer without chemical knowledge can do 
more than follow a beaten track, or that he can 
hope to succeed with ores possessing any spe- 
cial peculiarities : facility to deal with the 
commonly occurring ore will, however, for 
many be sufficient. The information given is 
at once concise and thoroughly intelligible, 
and embraces instructions for the assay of 
copper, silver, gold, tin, lead, iron, zinc, bis- 
muth, nickel and cobalt, sulphur, arsenic, nit- 
rate of soda, and guano, so that the mining 
assayer will care for little more. All descrip- 
tion of assays of copper by the dry way has been 


| omitted because they are rough and uncertain, 


inaccurate, and never give the true result 
even by the most careful manipulation. The 
precipitation process, practised almost univer- 
sally, and brought to really surprising degree 
of accuracy in Chili, is given as the most con- 


Neville has divided his book, really meet all! venient. The assays of silver ores by running 
the cases which are likely to occur in practice, | them down in a crucible with suitable flux, by 
explaining, amongst other things, the extra} scorification, and by. the blowpipe are explain- 
horse-power required in pumping-engines from | ed, as are also the modes of determining alloys 
friction in the pipes, the variations in the co-| of silver and copper ; there are likewise some 
efficients from the position of the orifice, the | good general observations on the assay of sil- 
circumstances to be considered in connection | ver ores, and on the operation of cupellation ; 
with submerged orifices and weirs, and with | a dozen pages being then devoted to the assay 
contracted river channels, best forms of the | by the wet way, which is quite easy and much 
channels, different losses of head, and so on, | more useful. The assaying of gold quartz, 
corresponding tables being given for the sev-| the determination of alloys of gold and cop- 
eral sections, so as to enable the reader or | per, and the parting of gold ca silver are ex- 
student to apply the rules given, and obtain) plained. Referring to the assay of tin, it is 
the desired results with the least possible | remarked that the only methed of asaying tin 
trouble and calculation. The work, which is | ore is by the dry process, several modifications 


now printed in convenient size, and has been 
much augmented by the insertion of new 
formule for the discharge from tidal and flood 


of which are carefully detailed; and the mode 
of estimating alloys of tin with iron, tungsten, 
&c., is described. For the assay of lead, the 


sluices and syphons, and general information | method usually practised and commended at 
on rainfall, catchment basins, drainage, sewer-| the School of Mines is given, and there are 
age, water supply for towns, and mill power, | full particulars as to the estimation of iron, 
will prove alike valuable to students and en-| zinc, mercury, and manganese, it being re- 
gineers in practice ; its study will prevent the | marked with regard to the lutter that the value 
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of the ores of manganese entirely depends on | 


their relative power of evolving chlorine. The 
amount also of some foreign bodies, notabl 

protoxyde of iron, should also be estimated, 
as these diminish the value of the ore ; the 
methods of Will and Fresenius and of Graham 
are given as the most practical. The remarks 
upon the assay of bismuth are followed by an 
account of Tamm’s method for purifying that 
metal from copper, arsenic, emmy 2 and 
sulphur. There is also a description of Pear- 
son’s process for assaying bismuth by volume. 
For the assay of nickel and cobalt several pro- 
cesses are given, but it is explained that of 
these the half wet and half , process des- 
cribed is the only really reliable one. The as- 
say of sulphur and arsenic are concisely ex- 
plained, and, as already stated, that of nitrate 


of soda and guano also; the volume being | 


concluded by a series of useful tables for de- 


termining the standard of silver alloy, and for | 
showing the amount of gold and silver in the | 


ton from a 200 grain assay. 

Throughout the book there is undoubted 
evidence that the author has had extensive 
practice in his profession, and that he has a 
very ready and agreeable way of imparting his 


information to others will be ackowledged by | 


all who read it. It appears to be thoroughly 
reliable, and at the same time very compact 
and portable, so that it is worthy of extensive 
adoption among the class for whom it is in- 
tended. 


RACTICAL GUIDE TO THE DETERMINATION 

OF MINERALS BY THE BLOWPIPE. By 

Dr. C. W. C. Fucus. Translated and edited 

by T. W. Dansy, M. A., F.G.S. London: 
Field & Tuer. Price $2.50. 

The general recognition in almost every 
branch of industry of the value of at least an 
elementary knowledge of mineralogy, owing 
to the facility which it gives for estimating the 
quality or purity of one or other of the mate- 
rials used in the processes employed, has led 
to very numerous efforts being made to fur- 
nish a reliable and rapid means for the determ- 
ination of salts and minerals, and from the ex- 
treme portability and compactness of the com- 
plete apparatus for the performance of blow- 
pipe analysis that method has received a large 
amount of attention. For the two leading ar- 
rangements for placing the means of determ- 
ination, especially qualitative, within the reach 


of practical men and comparatively inexperi- | 


enced students, the world is indebted to Ger- 
mans—those of Franz von Kobell, of Munich, 


and Prof. Fuchs, of Heidelberg, the latter | 


being, in fact, a modification of the former— 


being each recognized as excellent, as indeed | 


may be judged of from the circumstance that 
Franz von Kobell’s book, the tenth edition of 
which was reached in 1873, has been translated 
into several languages, whilst Fuch’s, which 
was published in 1868, has been ably translated 
into French (Guide Pratique pour la Determ- 
ination des Mineraux) by Aug. Guerout, and 
the second translation into English has now 
been issued by Mr. T. W. Danby, of Downing 
College, Cambridge 
into English, that of Prof. G, W. Plympton, of 


The first translation | 


the Polytechnic Institute, of Brooklyn, New 
| York (New York: Van Nostrand, London : 
| Trubner) was fully noticed in the Mining Jour- 
|nal of Nov. 28 last, differs from that of Mr. 
| Danby, inasmuch as Prof. Plympton has given 
the new chemical notation, which is also 
adopted in the later editions of Von Kobeil, 
| whilst Mr. Danby retains the old, which with 
|many of the older mineralogists is still pre- 
| ferred. 
| In place of the second part of Fuch’s book 
|Mr. Danby has given a table of far greater 
practical utility, showing the hardness, specific 
gravity, and crystallographical system of each 
| species so far as the latter are determined be- 
| yond question ; and it is almost to be regretted 
| he did not adopt the admirable appendix given 
by Prof. Plympton to assist the less experi- 
enced student with regard to certain diffi- 
culties usually met with. Prof. Plympton’s 
appendix describes a method of distinguishing 
the red flame of lithia from that of strontia ; 
| the reduction of maganese salts on baryta, the 
detection of baryta in the presence of strontia, 
the action of baryte on titanic acid, the detec- 
tion of oxide of manganese when present in 
minuta quantity in mineral! bodies, the method 
of distinguishing protoxide of iron from perox- 
ide of iron in silicates and other compounds, 
the detection of minute traces of copper in 
iron pyrites and other bodies, the detection of 
lead in the presence of bismuth, and the detec- 
tion of antimony in tube sublimates. These 
details are chiefly from the published notes of 
Prof. Chapman, of Toronto. A not less inter- 
esting article given by Prof. Plympton is an 
account of Mr. Landauer’s neat application of 
chlorate of potassa as a reagent. The action 
| uf this salt is of course that of energetic oxida- 
tion caused by the evolution of oxygen ata 
high temperature. 

The detection of the oxides of the metals be- 
low is readily affected by the following means, 
In a tube 15 centim. long and 5 millim, in 
diameter closed at one end place the test sub- 
stance together with a small quantity of chlor- 
ate, apply heat gradually at first without, and 
then with, the help of the blowpipe until no 
more oxygen is given off. The reaction is 
then completed, and the color of the test is to 

| be examined; flesh color denotes the presence 

of iron; yellowish brown, lead; black, or grey- 
|ish black, copper; blue to black, cobalt; pur- 
ple, manganese; black, nickel. Such details 
as these certainly appear calculated to prove 
|of great utility to the class for whom Mr. 
Danby’s book is written, and it is, therefore, 
to be hoped they will be incorporated when a 
second edition is issued. 

Mr. Danby appears to have done full justice 
to Prof. Fuchs in the translation, which will, 
no doubt, be extensively adopted, since the 
classification of the several minerals according 
to their behavior on charcoal, whether the 
volatilize or burn, emit a given odor, give o 
| fumes of antimony, coat the charcoal, or leave 

a characteristic residue, and so on, renders it 
extremely easy to find the group to which a 
mineral under examination belongs, and scarce- 
ly more difficult to determine which particular 
member of the group it is. The arrangement 
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; 
is at once simple, reliable, and concise; and as| rior are mostly inert by habit, and recent 
the volume has been interleaved so as to serve | research leads to the conviction that the rich- 
for a note-book as well as a guide-book, a more | est districts no less than the vitreous, black 
useful companion in the field could scarcely | and red varieties of the silver ore, and plati- 


be wished for.—Mining Journal. 


——— +e —__— 
MISCELLANEOUS, 


ERUVIAN METALS AND JEWELS.—A report 
from our consul at Islay states that the 
inauguration, in 1870, of about 108 miles of ap- 
propriate railway from the projected port o 
Mollendo to Arequipa has most beneficially 
operated on the country, and the compara- 
tively trivial line of communication really 
marks the era of a totally new national life. 
The greatest mineral, vegetable, and pastora 
resources of this country, which are enormous, 
are to be found far inland and converging 


upon the departmental cities of Arequipa, | 


Pano, Cuzco, and Moquegua, hitherto cut off 
from the Pacific coast by the breadth of an 


arid and seemingly inhospitable tract stretching | 


westward from the Corderillas, and measuring 
100 miles more or less, which has afforded no 
other means of transit but sumpter-mules, and 
which has been chiefly dependent for the ne- 
cessaries of life upon the navigation upon the 
coast, 

Immigration of foreign operatives, peas- 
antry, and small settlers has not been promoted. 
The two coasting provinces of the Arequipa 
department, namely, those of Camuna and 
Islay, are reported to be little better than a 


parched desert, intersected by seven rivers and | 
some trifling streams, all running westward | 


and south-westward from the Corderillas to 


the ocean through the deep ravines which the | 


snow waters have hollowed out across the 
Pampa and the sandy decline, and in most, if 
not all, of which fine gold wash is to be found. 
The mountain territory already traversed, or 
to be traversed, by the railway forms, so to 
speak, an irregular basin and mineral recepta- 
cle in the chain ef the Andes, in different 
parts of which the precious metals, including 
platinum and highly-prized jewels, such as the 
diamond, sapphire, and emerald, do exist in 
fair quantities, and under very favorable con- 
ditions for exhumation, in a country not more 
remote from the equator than from 13° to 17 
south, and yet tempered by an _ elevation 
mostly of 10,000 feet and upwards, and by the 
vicinity of perpetual snow. It is true that not 
much heretofore has been made of these re- 
sources, and the famous Mina del Manto, near 
Pano, has been abandoned, even by English 
adventurers, because they could not transport 
the machinery they wanted to the spot, and 
because they were too insecure in many respects 
now totally changed. Setting aside the secret 
proceedings of the, Indians, which are too 
occult to be more fifAn alluded to, it is also 
true that there have been very limited gold 
workings in the territories of Cavabaya and 
Pancartambo, besides some desultory wash- 


ings in the neighborhood of Cuzco; but 1t| 


must be borne in mind that the natives, in- 
cluding those of Spanish descent, in the inte- 


/num, have been overlooked by those few 
| Europeans who have visited the interior. 

| As it would appear that the resources of this 
part of Peru, under the head of gems, have 
| been somewhat neglected, it may be useful to 
| notice the remarkable presence of emerald of 
|the purest water and largest crystals (as the 
| valued form, rather than species, of the beryl, 
| otherwise abundant elsewhere). In the veins 
}and fissures of granitic primitive rocks, and 
| associated with quartz, felspar, and mica slate, 
| this gem is here distributed -freely in crystals 
|of various dimensions usually of very fine 


i |color, and often without flaw if carefully ab- 


stfacted, the test by heat being simple. 

| Iron ore of superior quality is to be found— 
|by parity of reasoning in reference to sur- 
| roundings—in profitably and usefully avail- 
| able quantities. 

Traces of coal have already been revealed 
in the form of a kind of carbonized and ligne- 
ous conglomerate and consolidated peat, of a 
dull brownish shade, and partially conchoidal 
fracture, leading to favorable deductions.— 
Iron. 


= some statistics taken from a report re- 

cently published by the Minister of Com- 
merce, it appears that there are in France no 
less than 123,000 manufacturing establishments 
employing 502,000-horse-power and 1,800,000 
work-people. The department of the Seine 
figures first on the list for a production amount- 
ing in value annually to 1,690 millions of 
francs, or about one-fifth of the total produc- 
tion of France. The Department Du Nord is 
the next in importance with a production to 
the value of 700 millions, the department of 
the Rhone to the value of 600 millions; the 
Seine inferieure for 440 millions, the Bouches 
du Rhone for 271 millions, and the department 
ef the Noire for 224 millions; in the other 
departments the value of the products of man- 
ufacturing industry is considerably less, but 
the average per p Medeor is estimated at 
| 1003 millions of francs per annum. 


ys er following is Mr. Heeren’s process for 
giving iron wire the appearance of silver. 


TLis is done by a thin film of tin. The iron 
wire is first placed in hydrochloric acid, in 
which is suspended a piece of zinc. It is 
{afterwards placed in contact with a strip of 
zinc in a bath of two parts tartaric acid dis- 
solved in 100 parts of water, to which is added 
three parts of tin salt and three parts of soda. 
The wire should remain about two hours in 
this bath and then be removed, and made 
bright for polishing, or drawing through a 
polishing iron. By this galvanic method of 
tinning, wire which has been wound in a 
spiral, or iron of other shape, can be made 
quite white, which is an advantage over most 
other methods, where the wire is tinned in 
the fire and then drawn through a drawing 
plate. 








